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C h a p t e r  I 
INTRODUCTION
High s e d i m e n t  y i e l d s  in Wes te rn  mount a in  s t r e a m s  pose  an 
i m p o r t a n t  geomorph i c  p rob l em.  Were such h igh  y i e l d s  common m t he  
r e c e n t  g e o l o g i c  p a s t ,  o r  do t he y  r e f l e c t  h i s t o r i c  d i s e q u i l i b r i u m  in 
h i l l s l o p e s  and s t r e a m  c h a n n e l s ?  I f  t h e  l a t t e r  is  t r u e ,  is man then 
r e s p o n s i b l e  f o r  t h e  i n c r e a s e  in s t r e a m  s ed i m e n t  and c o n s e q u e n t  d e g r a d a ­
t i o n  o f  w a t e r  q u a l i t y ?
Many w e s t e r n  moun t a i nous  a r e a s  a r e  under  t h e  j u r i s d i c t i o n  o f  
t h e  U. S. F o r e s t  S e r v i c e .  High s e d i m e n t  y i e l d s  in s t r e a m s  c o nce r n  t he  
F o r e s t  S e r v i c e ,  s i n c e  h i gh  c o n c e n t r a t i o n s  of  s t r e a m  s e d im e n t  d e g r ad e  
w a t e r  q u a l i t y  and i n d i c a t e  h i gh  r a t e s  o f  e r o s i o n .  Hindered  by s c a n t  
long t e rm d a t a ,  l a ck  o f  f u n d s ,  and a s h o r t a g e  o f  h y d r o l o g  i s t s ,  t h e  F o r e s t  
S e r v i c e  is  b e g i n n i n g  t o  i n v e s t i g a t e  t h e i r  s ed i m e n t  l aden  s t r ea m s  and to  
us e  s t r e a m s  as  b a r o m e t e r s  o f  land management  p r a c t i c e s .  Much work l i e s  
ahead in a s s e s s i n g  i n d i v i d u a l  w a t e r s h e d s  and in d e v e l o p i n g  f i e l d  
methods  t o  d e t e r m i n e  s ed i me n t  s o u r c e s  and e q u i l i b r i u m  c o n d i t i o n s  wi t h  
t h e  us e  o f  s h o r t  t e rm o b s e r v a t i o n a l  and q u a n t i t a t i v e  d a t a .  A r e c e n t  
c o m p r e h e n s i v e  r ev i ew o f  t h e  p rob l ems  o f  w a t e r s h e d  r e s e a r c h  o f  t h i s  t ype  
has been p u b l i s h e d  by Leopold  (1971 ) .
The West  Fork o f  t h e  Madison R i v e r ,  Montana,  a p pe a r s  t o  c o n t r i b u t e  
a d i s p r o p o r t i o n a t e l y  l a r g e  amount  o f  s uspe nded  s e d i m e n t  t o  t h e  Madison 
R i v e r  d u r i n g  h igh  f l o w s .  As a c o n t r i b u t o r  t o  d e g r a d a t i o n  o f  t r o u t  
h a b i t a t  in t h e  Madison R i v e r  (a “ Blue Ribbon"  t r o u t  s t r e a m)  and as an
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i n d i c a t i o n  o f  h i gh  r a t e s  o f  e r o s i o n  ïn t h e  West Fork w a t e r s h e d ,
t h i s  p rob lem has been t h e  s u b j e c t  o f  w a t e r s h e d  s t u d i e s  and p r o j e c t s  by
p e r s o n n e l  o f  t h e  Beave rhead  N a t i o n a l  F o r e s t  s i n c e  1962.
The p u r p o s e  o f  t h i s  p a p e r  is t o  d e l i n e a t e  t h e  s o u r c e s  of  
s uspe nded  s ed i m e n t  In t h e  West Fork ,  t o  d e s c r i b e  t h e  c o n d i t i o n s  o f  
hydrodynami c  e q u i l i b r i u m  in t h e  d r a i n a g e ,  t o  a c c o u n t  f o r  c u r r e n t  
h y d r o g e o l o g i c  c o n d i t i o n s ,  and t o  p r o v i d e  g u i d e l i n e s  f o r  p o t e n t i a l  
changes  in l and  management .
The a u t h o r  i n v e s t i g a t e d  t h e  problem from F e b r u a r y ,  1971 to  
May, 1972 . U. S. F o r e s t  S e r v i c e  d a t a  and management  r e p o r t s  p r o v i d e d  
background  f o r  f i e l d  s t u d y  which was con d u c t ed  from J une  6 t o  September  
8,  1971 • Th i s  d a t a  c o n s i s t s  o f  c l I m a t o l o g i c a l  r e c o r d s ,  h y d r o g r a p h s .  
I n s t a n t a n e o u s  d i s c h a r g e  me asu r e me n t s ,  and s uspe nded  s e d i me n t  c o n c e n t r a ­
t i o n  me asu r e men t s .  In J un e ,  s e d i m e n t  t r a n s p o r t  r a t e  was measured  near  
t he  mouth o f  t h e  West  Fork t o  e s t i m a t e  t h e  t o t a l  annua l  s ed i men t  y i e l d ,  
t o  compare t h i s  w i t h  s i m i l a r  s t r e a m s ,  and t o  d e v e l o p  r e l a t i o n s h i p s  
be tween s e d i m e n t  y i e l d ,  h y d r a u l i c  v a r i a b l e s ,  and l and management  
p r a c t i c e s .  S i m u l t a n e o u s l y ,  t h e  F o r e s t  S e r v i c e  measured  s uspended  
s e d i me n t  c o n c e n t r a t i o n s  and t u r b i d i t y  by ground s ampl i ng  and by 
a e r i a l  I n f r a r e d  p h o t o g r a p h y .  The r e m a i n de r  o f  t h e  f i e l d  s e a s on  was 
s p e n t  in I n t e n s i v e  f i e l d  s t u d y  o f  t h e  d r a i n a g e .  The a u t h o r  no t e d  
e x p r e s s i o n s  o f  d i s e q u i l i b r i u m  in h i l l s l o p e s  and c h a n n e l s ,  l o c a t e d  a r e a s  
u nd e r g o i n g  h i gh  r a t e s  o f  e r o s i o n ,  and r e l a t e d  t h e  g e o l og y ,  p h y s i o g r a p h y ,  
v e g e t a t i o n ,  and l and  management  p r a c t i c e s  t o  h y d r o g e o l o g i c  c o n d i t i o n s .
PREVIOUS WORK
All  p r e v i o u s  h y d r o g e o l o g I c  work in t h e  West  Fork has c o n s i s t e d  
o f  d a t a  g a t h e r i n g ,  which t h e  F o r e s t  S e r v i c e  began in 1964.  Mr. David 
Rosgen i s  c u r r e n t l y  s t u d y i n g  t h e  s p a t i a l  d i s t r i b u t i o n  o f  t u r b i d i t y  and 
suspe nded  s e d i m e n t  in t h e  West  Fork by p h o t o d e n s i t o m e t e r  a n a l y s i s  o f  
a e r i a l  i n f r a r e d  p h o t o g r a p h s .  He p r o v i d e s  some p r e l i m i n a r y ,  u n p u b l i s h e d  
o b s e r v a t i o n s .  P o f f  (1970)  has  compi l ed  a g e n e r a l i z e d  s o i l s  map o f  t h e  
West  Fork d r a i n a g e .  Lemish ( 1948 ) ,  Mann ( 19 5 4 ) ,  and C h r i s t i e  (1981) 
d e s c r i b e  t h e  g e o l ogy  o f  t h e  a r e a .
C h ap t e r  2 
THE WEST FORK ENVIRONMENT
L o c a t i o n
The West  Fork o f  t h e  Madison R i ve r  is a ma j o r  t r i b u t a r y  o f  t he  
Madison R i v e r ,  d r a i n i n g  an a r e a  o f  a p p r o x i m a t e l y  150 s q u a r e  m i l e s  o f  
t h e  s o u t h e r n  G r a v e l l y  Range in s o u t h w e s t e r n  Montana ( s e e  index map, 
P l a t e  1 ) .  The c o n f l u e n c e  o f  t h e  West Fork w i t h  t he  Madison is a p p r o x i ­
ma t e l y  33 m i l e s  s o u t h  o f  E n n i s ,  Montana.  The C l i f f  Lake,  Monument 
Ridge ,  Lower Red Rock Lake,  and Upper Red Rock Lake Quadrang les  p r o v i d e  
t o p o g r a p h i c  c o v e r a g e  (U. S. Geol .  Su r vey ,  1950,  1 : 62 ,  500 p . ) .
The lower  West Fork i s  a c c e s s i b l e  f rom U. S . 287 by a g r aded  
road a l o n g  t h e  West Fork t o  Elk  R i v e r .  Many l o g g i ng  roads  a l s o  p r o v i d e  
a c c e s s  t o  t h e  lower  p o r t i o n  o f  t h e  West Fork d r a i n a g e .  The s o u t h e r n  
c r e s t  o f  t h e  G r a v e l l y  Range is  r eac hed  by c a r  f rom Ennis  v i a  t he  
G r a v e l l y  Ridge Road.  J ee p  t r a i l s  a r e  numerous .  Foot  and h o r s e  t r a v e l  
i s  e a s y  o ve r  most  o f  t h e  a r e a .
Topography
The main s tem o f  t h e  West Fork heads  a t  9060 f e e t  (2760 m) and 
e n t e r s  t h e  Madison a t  5910 f e e t  (1810 m ) . Much o f  t h e  upper  d r a i n a g e  
is  above  9000 f e e t ,  i n c l u d i n g  n i n e  summits  above  9500 f e e t  and t h r e e  
above  10,000 f e e t .
S l o p es  a r e  mo s t l y  mo d e r a t e  (<10*^)= The c r e s t  o f  t h e  s o u t h e r n  
G r a v e l l y  Range is c h a r a c t e r i z e d  by b a s i n s ,  low d i v i d e s ,  and rounded 
m o u n t a i n s ,  and e x h i b i t s  s t r u c t u r a l  c o n t r o l  by g e n t l y  (<^20°)  w e s t -  
d i p p i n g  s t r a t a .  Deep i n c i s i o n  by e a s t - f l o w i n g  El k  R i v e r  and some of
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t h e  uppe r  t r i b u t a r i e s  o f  t h e  West Fork forms s t e e p - w a l l e d  ( 1 5 - 4 0 ° ) ,  
f o r e s t e d  canyons  w i t h  up t o  1500 f e e t  o f  l o c a l  r e l i e f  ( s e e  P l a t e  1) .
The West  Fork and most  o f  I t s  t r i b u t a r i e s  have mode ra t e  (<10^) s i d e  
s l o p e s ,
DraI  nage
The West  Fork d r a i n a g e  p a t t e r n  i s  a s y m m e t r I c a l l y  d e n d r i t i c .
The West  Fork heads  In t h e  SW c o r n e r  o f  t h e  d r a i n a g e  and f lows  e a s t  
and n o r t h  n e a r  t h e  s o u t h e r n  p e r i m e t e r  o f  t h e  w a t e r s h e d ,  j o i n e d  from 
t h e  n o r t h  and wes t  by a l l  o f  i t s  t r i b u t a r i e s  e x c e p t  two ( se e  P l a t e  1).  
Elk  R i v e r ,  t h e  l a r g e s t  t r i b u t a r y ,  heads  In t h e  NW c o r n e r  o f  t h e  c a t c h ­
ment  and f l ows  SE t o  t h e  West Fork.
The s t u d y  a r e a  does  no t  i n c l u d e  t h e  d r a i n a g e  of  Wade Lake,  C l i f f  
Lake,  and Los t  Mine Canyon,  s i n c e  c o n t r i b u t i o n  t o  f low from t h i s  a r e a  
t o  t h e  West Fork Is by g r ou n d w a t e r  f low from Wade Lake t o  Lake Creek,  
t h e r e f o r e ,  n e a r l y  f r e e  o f  su s pe nded  s e d i me n t  and a t  a n e a r l y  c o n s t a n t  
d i s c h a r g e .  The smal l  I mpor t ance  t o  t h e  p rob lem r e l a t i v e  t o  I t s  l a rg e  
a r e a  j u s t i f i e s  t h e  e x c l u s i o n  o f  t h i s  s u b - d r a i n a g e  from t h e  s t u d y .
T a b l e  1 g i v e s  channe l  l e n g t h s ,  d r a i n a g e  a r e a s ,  a v e r a g e  s t r e a m  
g r a d i e n t s ,  and d r a i n a g e  d e n s i t i e s  o f  t h e  West  Fork and i t s  t r i b u t a r i e s .  
Channel  l e n g t h  and d r a i n a g e  a r e a  p r o v i d e  an a p p r o x i m a t i on  o f  t he  s i z e  
o f  t h e  component  in r e l a t i o n  t o  t h e  r e s t  o f  t h e  d r a i n a g e .  S t r eam 
g r a d i e n t  r e f l e c t s  t h e  l oca l  r e l i e f  o f  t h e  s u b d r a i n a g e .  St r eam d e n s i t y  
i s  a measurement  o f  t h e  c o n c e n t r a t i o n  of  s t r e a m  c h a n n e l s  In a s u b ­
d r a i n a g e ,  and o f t e n  r e f l e c t s  t h e  r u n o f f  e f f i c i e n c y  o f  t h e  s u b d r a I  nage .  
Well d e f i n e d .  I n t e r m i t t e n t  c h a n n e l s  o f  o v e r  one m i l e  in l e n g t h  a r e  
I nc l u d e d  In t h i s  a n a l y s i s  (U.S.  F o r e s t  S e r v i c e ,  1965) .  F i g u r e  1 i s  a 
s e r i e s  o f  p r o f i l e s  o f  t h e  c h a n n e l s  o f  t h e  West Fork and Elk R i v e r ,  i t s
Component
D r a i n a g e  Area  
( m i . )
D r a i n a g e  D e n s i t y  
(mi .  c h a n n e l / m l
S t r e a m G r a d i e n t  
( f t . / m i . )
West  Fork
above  Buford  Cr .  12.05
Buf or d  Creek  3*39
F o s s i l  Creek  6 . 4 8
Cascade  Creek  6 . 3 3
P o r t a l  Creek  2 . 0 3
West  Fork
a t  Landon Camp 4 7 . 39
Lobo Creek  3 . 53
M e r i d i a n  Creek  4 . 7 3
Tepee  Creek 5-94
El k  R i v e r  38 . 14
F r e e z e o u t  Creek  7 . 06
Soap Creek  5 - 38
Bogus Creek  2 , 8 0
G a z e l l e  Creek  11.61
West Fork
a t  mouth 151.56
2 . 7 3
2 . 15
3 . 79
2 . 75  
2 . 2 7
1 . 6 9
3 . 3 7
4 . 5 7




2 . 7 5  
2 . 4 8
4,11
5 5 . 0
394. 9
326 . 7  
452 . 5  
667-7
81 . 2
51 4 . 0
47 1 . 4
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T a b l e  1. S t r e a m p a r a m e t e r s ,  West  Fork and t r i b u t a r i e s .  Data from J . S . F . S .
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F igure 1 . P r o f i le s  o f  th e  West Fork and Elk R iver , showing n ick  p o in ts  
A, B, C, and D,
9
c h î e f  t r i b u t a r y .  The E)k R i v e r  p r o f i l e  domi na t e s  t h e  West Fork 
p r o f i l e  below t h e i r  c o n f l u e n c e .  T h i s  i s  due l a r g e l y  t o  t h e  c o n t r i b u t i o n  
o f  c o a r s e r  b ed l oa d  t o  t h e  West Fork by Elk R i v e r .  Two n i c k  p o i n t s  in 
West Fork p r o f i l e ,  (A) and ( B ) , a r e  due to  t h e  bed l oa d  s i z e  change  a t  t he  
c o n f l u e n c e  o f  Elk  R i v e r  and t o  r e s i s t a n t  s t r a t a  above Lobo Creek .  The 
Impingement  o f  a l a r g e  rock  g l a c i e r  on Elk  R i ve r  below t h e  c o n f l u e n c e  
o f  Hel l  r o a r i n g  Creek  is  r e s p o n s i b l e  f o r  a n i c k  p o i n t  (C) in t h e  Elk 
R i v e r  p r o f i l e ;  a n o t h e r ,  h i g h e r  n i c k  p o i n t  (D) I s  due t o  r e s i s t a n t  s t r a t a .  
Geology
E g b e r t  ( i 9 6 0 ) ,  Mann ( 19 5 4 ) ,  and C h r i s t i e  (1961) d e s c r i b e  t he  
ge o l ogy  o f  t h e  s t u d y  a r e a .  P l a t e  2 is a g e o l o g i c  map o f  t h e  West Fork 
b a s i n  c ompi l ed  f rom t h e i r  maps.
S t r a t a  o f  e v e r y  g e o l o g i c  p e r i o d ,  e x c e p t  t h e  O r do v i c i a n  and 
S i l u r i a n ,  a r e  r e p r e s e n t e d  in t h e  West  Fork d r a i n a g e .  The p r e - T e r t i a r y  
s t r a t a  d i p  g e n t l y  ( ^ 2 0 ° )  t o  t h e  w e s t ,  o v e r l a i n  unconformably  by T e r t i a r y  
v o l c a n  i cs and ped i ment  g r a v e l s .  T a b l e  2 summar izes  s t r a t i g r a p h i e  u n i t s  
found in t h e  West  Fork d r a i n a g e  ( C h r i s t i e ,  1961) .
Mann (1954) summar izes  t h e  p h y s i o g r a p h i c  deve l opment  o f  t he  
G r a v e l l y  Range in t h e  f o l l o w i n g  o u t l i n e :
1. Laramide  Orogeny and u p l i f t .
2.  P o s t - L a r a m i d e - P r e - O l i g o c e n e  p e d i m e n t a t i o n .
3.  011gocene  b u r i a l  o f  t o pog r aphy  by l o c a l  v o l c a n i c  m a t e r i a l .
4.  P 1 a n a t i o n  o f  t h e  a r e a ,  p r o b a b l y  by l a t e  Miocene t i me ,  
f o l l o w e d  by P l i o c e n e  u p l i f t .
5.  Exhumat ion o f  t h e  b u r i e d  t o p o g r ap h y  and s u p e r p o s i t i o n  o f  
t h e  d r a i n a g e  on t h e  u n d e r l y i n g  s t r u c t u r e .
6.  P l e i s t o c e n e  g l a c i a t i o n ,  f o l l ow e d  by e r o s i o n  t o  t h e  p r e s e n t  
t  i me.
The G r a v e l l y  Range c o m p r i s e s  t h e  e a s t  l imb o f  a l a r g e ,  s o u t h -  
p l u n g i n g  s ync  1i n e , t h e  a x i s  o f  which r ough l y  p a r a l l e l s  t h e  Ruby V a l l ey  
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G eol og ic al  Ma p  of t he  W e s t  Fork
T e r t i a r y
Q u a t e r n a r y
T e r t i a r y
C r e t a c e o u s
J u r a s s i c
T r i a s s i c
P e r m i a n
P e n n s y l v a n i a n
M I s s l s s l p p l a n
D e v o n i a n
f a u l t s
I G N E O U S  RO CK S
(B a s a l t  
R h y o l l t e  
T u f f  .





P r e  C a m b r i a n
j A l l u v t u m  & P l e i s t o c e n e  g l a c i a l  d r i f t  Q u i  
I  H i g h  l e v e l  g r o v e l
B la c k  B u t t e  g r a v e l
( A s p e n  f o r m a t i o n  1
C o l o r a d o  g r o u p  J
K o o t e n a i  f o r m o t l o n
I  M o r r i s o n  f o r m a t i o n  |
I  T i l l s  g r o u p  J
T h a y n e s  f o r m a t i o n  j
W o o d s l d e  f o r m a t i o n  r
D I n w o o d y  f o r m a t i o n  I
. P h o s p h o r l o  f o r m a t i o n
f Q u a d r a n t  f o r m a t i o n  
[ A m s d e n  f o r m a t i o n
M a d i s o n  f o r m a t i o n  Cm
J T h r e e  F o r k s  f o r m a t i o n  1 
[ J e f f e r s o n  f o r m a t i o n  J
( M e a g h e r  f o r m a t i o n  j
W o l s e y  f o r m a t i o n  /  <
F l a t h e a d  f o r m a t i o n  J




a f t e r  M a n n  ( 1 9 5 0 ) ,  E g b e r t  ( 1 9 6 0 ) ,  a n d  C h r i s t i e  ( I 9 6 l )





T er tia r y
T er tia ry




J u r a s s ic






L ith o logy  Thickness
a l lu v ia l  v a l le y  f i l l  0 - ? 5 ( î )
h ig h - le v e l  g r a v e ls  0 -5 0 (? )
o l iv in e  b a s a lt  0 -8 0 0 (? )
r h y o lit e  0 -2 0 0 (? )













E l l i s  group 
Unconform ity
san d ston es, sh a le s  and mi- 
nor tu ffa c eo u s  sedim ents




m assive ru sty -oran ge -sand- 5OU* 
sto n e , lim esto n e , c a lc a r e ­
ous sh a le  and ch erty  con­
g lo m era tic  sandstone
d rab -co lored  s i l t s t o n e s ,  3Q0-500
mudstones, lim e s to n e s , and 
sa lt-a n d -p ep p er  sandstones
lim eston e  and g la u c o n it ic  0-90*
sandstone
l i a
Table 2 . (C ontinued)
Age Formation
T r ia s s ic  Thaynes
form ation
T r ia s s ic




M iss is s ip p ia n





















D isco n fo r n tiy
Three Forks 
form ation












L ith o lo g y  Thickness
ta n -c o lo re d  s i l t s t o n e  and 40* 
lim eston e  w ith  sh a le  and 
mudstone
red s i l t s t o n e  and sh a le  appx, 500*
chocolate-brow n w eathering 450-500*  
s i l t s t o n e s  and lim esto n es
q u a r t z i t ic  sandstone and 400* 
ch ert
sandstone and d o lo m itic  appx. 500* 
sandstone
ca lca reo u s s i l t s t o n e  and appx, 100* 
lim esto n es
th ick-bedded  lim eston e and 1100-1200* 
minor ch ert
th in-bedded lim eston e 900-1000
mudstone b recc ia  and 
lim eston e
v a r ic o lo r e d  sh a le  and 
dolom ite
th in -  to  th ick-bedded  
lim eston e
gree sh a le  and minor 
;sandstone
q u a r t z it ic  sandstone
150-170  * 
5 0 0 *
5 0 0 *
200-240 * 
120-140 *
marble and s c h is t n o t measured
)2
Dur ing  t h e  Laramide  Orogeny,  c o m p r e s s î onal  s t r e s s e s  f rom t h e  wes t  formed 
t h e s e  f o l d s ,  a l o n g  w i t h  r e l a t e d  t h r u s t  z o n e s ,  one which l i e s  in t h e  Gra­
v e l l y  Range n o r t h  o f  t h e  s t u d y  a r e a .  P o s t - L a r a m î d e , t e n s i o n a î  s t r e s s e s  
have  p r oduced  normal  f a u l t i n g  in t h e  G r a v e l l y  Range,  as  i t  has t h r ou gh ou t  
mos t  o f  t h e  N o r t h e r n  Rocky Mounta in  p h y s i o g r a p h i c  p r o v i n e e .  Among o t h e r s ,  
t h e  1959 e a r t h q u a k e ,  which o c c u r r e d  a l o n g  t h e  Madison V a l l ey  above t he  
c o n f l u e n c e  w i t h  t h e  West Fork a t t e s t s  t o  t h e  c u r r e n t  o p e r a t i o n  o f  t h e s e  
s t r e s s e s .
The West  Fork and Elk R i v e r  f l ow a c r o s s  t h e  g e n e r a l l y  n o r t h -  
s t r i k i n g  s t r a t a ,  and a r e  p r o b a b l y  p a r t  o f  t h e  P l i o c e n e  s up e r p o s ed  
d r a i n a g e .  However ,  t h e  upper  West  Fork (above F o s s i l  Creek)  and i t s  
t r i b u t a r i e s  f rom Lobo Creek  t o  Miner  Creek a r e  s t r u c t u r a l l y  c o n t r o l l e d  
( s e e  P l a t e  2 ) .  S p e c i f i c a l l y ,  t h e  uppe r  West Fork f lows  in a f a u l t -  
c o n t r o l l e d  v a l l e y ,  and t h e  upper  t r i b u t a r i e s  f low p a r a l l e l  t o  t he  
bedd i ng  t r a c e s  o f  l e s s  r e s i s t a n t  s t r a t a .
Much o f  t h e  d e p o s i t l o n a l  r e c o r d  o f  P l e i s t o c e n e  g l a c i a t i o n  in t he
West  Fork b a s i n  has been e r a s e d  by e r o s i o n  and mass w a s t i n g .  Poor ly
d e f i n e d  c i r q u e s ,  U-shaped  v a l l e y s ,  r emnant s  o f  t i l l ,  and p ro b a b l y  i n a c t i v e  
ro ck  g l a c i e r s  a r e  e v i d e n c e  t h a t  g l a c i e r s  o c c u p i e d  a t  l e a s t  a p o r t i o n  of  
t h e  Elk R i v e r  v a l l e y .  Rock g l a c i e r s  In t h e  s t u d y  a r e a  a r e  n ume rous , but  
m o s t l y  sma l l  ( l e s s  t ha n  1/2 s q u a r e  m i l e  in a r e a ) .  The l a r g e s t  o c c u r s  
on a s t e e p  s o u t h - f a c i n g  s l o p e  o f  t h e  Elk R i v e r ,  and i s  r e s p o n s i b l e  
f o r  t h e  n i c k  p o i n t  (C) me n t i one d  e a r l i e r  a t  an e l e v a t i o n  o f  7850 f e e t  
(3980 m ) .
The v a r i o u s  s t r a t a  va ry  w i d e l y  in t h e i r  r e s i s t a n c e  t o  e r o s i o n ,
and t h e i r  r e s p e c t i v e  a r e a s  o f  o c c u r r e n c e  a r e  i m p o r t a n t  t o  t h e  p roblem o f
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s e d i m e n t  s o u r c e s .  In t h i s  a r e a , P a l e o z o i c  s t r a t a ,  l a r g e l y  c a r b o n a t e s  
and s a n d s t o n e ,  and P r e c a m b r i a n  s t r a t a ,  l a r g e l y  g n e i s s  and s c h i s t ,  a r e  
g e n e r a l l y  more r e s i s t a n t  t o  e r o s i o n  than  a r e  Mesozoic  s t r a t a ,  which a r e  
l a r g e l y  s h a l e s  and s a n d s t o n e .  T e r t i a r y  uni  t s ,  l a r g e l y  b a s a l t ,  t u f f a c e o u s  
s e d i m e n t s ,  and g r a v e l , v a r y  w i d e l y  in t h e f r  r e s i s t a n c e  t o  e r o s i o n .
The r e l a t i v e  e r o d 1b 11i t i es o f  t h e  s t r a t a  a r e  a l s o  r e f l e c t e d  
in t h e  t o p o g r a p h y .  The p o r t i o n  o f  t h e  c a t chme n t  n e a r  t h e  c r e s t  o f  t he  
G r a v e l l y s ,  u n d e r l a i n  by T e r t i a r y  g r a v e l s  and t h e  more e r o d i b 1e Mesozoic 
s t r a t a ,  is  o f  low l o c a l  r e l i e f .  The i n t e r m e d i a t e  a r e a ,  bounded roughly  
by a l i n e  f rom Lion Mountain t o  Cascade  Creek on t h e  wes t  and by a l i n e  
f rom t h e  e a s t  arm o f  F r e e z e o u t  Mountain t o  t h e  mouth o f  Lobo Creek on 
t h e  e a s t ,  i s  c h a r a c t e r i z e d  by c l i f f s ,  s t e e p e r  (>10°)  s l o p e s ,  and canyons .  
The lower  c a t c h m e n t ,  u n d e r l a i n  by T e r t i a r y  s t r a t a ,  is mos t l y  o f  low loca l  
r e l i e f .  L a n d s l i d e s  o c c u r  on t h e  e a s t  s l o p e s  o f  t he  West Fork a t  Mer id i an  
Creek and be l ow,  due t o  t h e  o c c u r r e n c e  o f  t u f f a c e o u s  s ed i m e n t s  under  the  
l a k e  bench b a s a l t i c  c a p .
Soi  1 s
P o f f  (1970) compi l ed  a g e n e r a l i z e d  s o i l s  map o f  t h e  West Fork 
d r a i n a g e  t o  be used by t h e  Beave rhead  N a t i o n a l  F o r e s t  f o r  broad  p l a n n i n g  
p u r p o s e s .  He c o nd u c t ed  a d e t a i l e d  s o i l  s u r ve y  o f  t h e  e a s t e r n  p o r t i o n  
and r e l i e d  on s c a t t e r e d  f i e l d  work and a e r i a l  p h o t o g r a p h i c  i n t e r p r e t a t i o n  
t o  d e s c r i b e  and c l a s s i f y  s o i l s  in t h e  mi dd l e  and w e s t e r n  p o r t i o n s .  The 
o n l y  t e n a b l e  g e n e r a l i z a t i o n  a o b u t  s o i l s  In t h e  West Fork d r a i n a g e  is 
t h a t  t he y  v a r y  w i d e l y  in t h i c k n e s s ,  c o a r s e n e s s ,  and p e r m e a b i l i t y .  His 
a s s e s s m e n t s  o f  t h e  s e d i me n t  c o n t r i b u t i o n s  o f  t h e  r e s p e c t i v e  a r e a s  
c h a r a c t e r i z e d  by t h e s e  v a r i o u s  s o i l  t y p e s  o f t e n  c o r r e l a t e  rough ly  wi th  
t h e  s e d i m e n t  y i e l d s  o f  s t r e a m s  d r a i n i n g  t h e s e  a r e a s .
PLATE 3
Soils of t he  W e s t  Fork 
o f t a r  P o f f  ( 1 9 7 0  )
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Area S o il  Type 1 Depth P erm eab ility Bedrock Slope Remarks
1 dark  loam and v ery  fine 
sandy loam w ith  day- 
loam s u b s o i l .
2-4 f t . h igh v o lc a n ic s 6i to  15^ l i t t l e  ru n o ff
2 same as 1, b u t  more 
sandy.
<type 1 high v o lc a n ic s s h o r te r  and 
s te e p e r  than  1
l i t t l e  ru n o ff
3 v ery  th in ,  m ostly  
t ra n s p o r te d  t a l u s .
v e ry
shallow
high v o lc a n ic s v e ry  s te e p l i t t l e  ru n o ff
4 some same as 1, 
s i l t y  c la y  loam
^ ty p e  1 <type 1 v o lc a n ic s ( tu f f )
metamorphics
hummocky, an­
c ie n t  la n d ­
s l id e s
d ra in ag e  more i n t e ­
g ra te d , more 
ru n o ff
5 sandy loams and loams 
over g rav e l d e p o s its .
v ery  high te r ra c e  g ra v e l low l i t t l e  ru n o ff
6 sandy loams and loams 
over g ra v e l d e p o s its .
channel g ra v e l v e ry  low f lo o d p la in  d e p o s its  
s u b je c t  to  s tream - 
bank e ro s io n
• 7 o rg an ic  s o i l s  ( s i l t s ) deep re c e n t
alluvium
v ery  low sedim ent ' f i l t e r *
8 v ery  rocky s o i l s ,  
t a lu s  '
v e ry
th in
v ery  s te e p l i t t l e  e f f e c t  on 
w ater q u a l i ty
9 v ery  f in e  sands and 
s i l t s
u n u su a lly
deep
low g e n tle w e ll in te g ra te d  
d ra in ag e  n e t ,  
h igh  ru n o ff
10 complex p a t te r n  of 
s o i l s




e n t i r e  g eo lo g ic  
column
g re a t  r e l i e f g re a t  v a r ia t io n  in  
c h a r a c t e r i s t i c s
11 sandy lo a m s -s i l ty  c lay s  
c lay  loam dom inant
f a i r l y
deep
v a r ia b le sandstones and 
sh a le s
g e n tle  to  
 ̂ m oderate
some a re a s  s u b je c t  
to  e ro s io n
12 sandy loam 1-2 f t . f a i r l y
high
v o lc an ic s g e n tle  to  
m oderate
w e ll in te g ra te d  
d ra in ag e  n e t ,  b u t 
appear s ta b i l i z e d
13 loams and s-'^ndy loams | f a i r l y
high
v o lca n ic s moderate d ra in ag e  n o t w e ll 
developed
Table 3* D escr ip tio n  o f the S o i l s  o f  Figure 3 (P o f f ,  1970).
! .
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P l a t e  3 i s  P o f f ' s  g e n e r a l i z e d  s o i l s  map ( P o f f ,  1970) ;  T a b l e  3 i s  a 
c o n d e n s a t i o n  o f  h i s  d e s c r i p t i o n s  o f  t h e  s o i l  t y pe s  which a p p ea r  on the  
map.
C l i ma t e
P l a t e  A is  a map o f  t h e  s t u d y  a r e a  showing mean annua l  p r e c i p i ­
t a t i o n  i s o h y e t s  and t h e  l o c a t i o n  o f  t h e r m o g r a p h s ,  p r e c i p i t a t i o n  gauges ,  
and snow s u r v e y  s i t e s .  The f o l l o w i n g  o b s e r v a t i o n s  a r e  made from d a t a  
g a t h e r e d  a t  t h e s e  s t a t i o n s  i n t e r m i t t e n t l y  f rom 1966 t o  1971.
The c l i m a t e  i s  h i g h l y  c o n t i n e n t a l ,  w i t h  g r e a t  s ea s on a l  v a r i a t i o n  
in t e m p e r a t u r e  and p r e c i p i t a t i o n .  Te mp e r a t u r e s  in t h e  a r e a  range from 
- 50°  F. t o  100° P. ( - 4 6 °  C. to  38°  C. )  w i t h  a mean annual  t e m p e r a t u r e  
f rom 32^ F . (0°  C. )  a t  9000 f e e t  (2740 m.) t o  37°  F . ( 28^ C.) a t  6OOO 
f e e t  (830  m . ) .
P r e c i p i t a t i o n  o c c u r s  m o s t l y  as  s n o w f a l l ,  a c c o u n t i n g  f o r  a p p r o x i ­
m a t e l y  65% o f  t h e  annua l  t o t a l .  Snow a c c u m u l a t e s  from O c t obe r  t o  May 
and r e a c h e s  d e p t h s  o f  f rom 1 t o  3 f e e t  ( . 3 0  t o  .9 m) a t  6000 f e e t  t o  6 
t o  8 f e e t  ( 1.83  t o  2 . 4 4  m.) a l o n g  t h e  c r e s t  o f  t h e  G r a v e l l y  Range.
S p r i n g  snowmel t  o c c u r s  in May and J u n e .  Local  t h u n d e r s t o r m s  o f  an 
i n t e n s i t y  o f  up t o  6 t o  8 i nches  (1 8 . 3  t o  24 . 4  cm.) p e r  hour  f o r  10 
t o  20 mi n u t e  i n t e r v a l s  o c c u r  in J u l y  and Augus t .  Roughly one t h i r d  
o f  t h e  t o t a l  annual  p r e c i p i t a t i o n  c o n s i s t s  o f  summer shower s ;  a f r a c t i o n  
o f  t h i s  c o n s i s t s  o f  i n t e n s e  t h u n d e r s t o r m s .
The i s o h y e t s  were  c o n s t r u c t e d  by t h e  a u t h o r  by d e r i v i n g  the  
r e l a t i o n s h i p ,  f o r  t h r e e  o r  more gaug i ng  s t a t i o n s  in a l oca l  a r e a  w i t h i n  
t h e  s t u d y  r e g i o n ,  between mean annua l  p r e c i p i t a t i o n  a t  t h e  gaugi ng  
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i n c r e m e n t a l  p r e c i p i t a t i o n s  a t  t h e s e  l o c a l  a r e a s ,  and e x t r a p o l â t î n g  
be t ween t h e  l o c a l  a r e a s  f o r  which t h e s e  r e l a t i o n s h i p s  were  d e r i v e d .  
A l t hough  s u b j e c t  t o  m i c r o s i t e  e r r o r ,  t h e s e  i s o h y e t s  r e v e a l  an a s p e c t  
o f  t h e  o v e r a l l  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  in t h e  s t u d y  a r e a  which 
g r e a t l y  a f f e c t s  t h e  r u n o f f  o f  t h e  v a r i o u s  t r i b u t a r i e s  o f  t h e  West Fork.  
The i s o h y e t a 1 p l a n e s  d i p  t o  t h e  NE. Thus ,  a t  a g i ven  e l e v a t i o n ,  t he  NE 
p o r t i o n  o f  t h e  West  Fork d r a i n a g e  r e c e i v e s  more p r e c i p i t a t i o n  than does 
t h e  SW p o r t i o n .  A p l a u s i b l e  r ea s on  f o r  t h i s  is  t h a t  t h e  s t o r m f r o n t s ,  
a p p r o a c h i n g  ma i n l y  f rom t h e  SW, undergo  a l ag  p e r i o d  between r i s i n g  
o v e r  t h e  Gravel1y f r o n t  and s u b s e q u e n t  r e l e a s i n g  o f  t h e i r  p r e c i p i t a t i o n .  
V e g e t a t  ion
S u b - a l p i n e  f i r - l i m b e r  p i n e  (Abies  1 as  I oc a s pa  (Hook.)  N u t t . -  
P i nus  f l e x i l i s  J a m e s . )  s t a n d s  and g r a s s  p a r k l a n d s  c h a r a c t e r i z e  t he  
a r e a  n e a r  t h e  G r a v e l l y  c r e s t .  The t i m b e r  p r e d o mi n a t e s  in s t e e p  
t r i b u t a r y  v a l l e y s  and on s l o p e s  o f  n o r t h e r l y  a s p e c t .  Grass  p a r k l a n d s ,  
which a r e  p r e v a l e n t  a t  h i gh  (>8500 f e e t ,  2590 m.) e l e v a t i o n s  o ccu r  
on g e n t l e  b a s i n  s l o p e s  and d i v i d e s .
The lower  (<8500 f e e t ,  2590 m.) p o r t i o n  o f  t h e  ca t chme n t  is 
c h a r a c t e r i z e d  by mixed s a g e - g r a s s l a n d s , s c a t t e r e d  aspen  (Popu1 us 
t r e m u l o i d s  Mlchx. )  g r o v e s ,  and more e x t e n s i v e  t i m b e r  s t a n d s  o f  l o d g e p o l e  
p i n e  ( P i nus  c o n t o r t a  Doug I . )  and D o u g l a s - f I r  ( P s e udo t s uga  M e n z i e s i i  
(Mi r b . )  F r a n c o . ) .  The s h r u b - g r a s s l a n d s  and f o r e s t  b ea r  t h e  same 
p h y s i o g r a p h i c  r e l a t i o n s h i p  w i t h  one a n o t h e r  a t  lower  e l e v a t i o n s  (<8500 
f e e t ,  2590 m.) as  t he y  do a t  h i g h e r  e l e v a t i o n s ,  a l t h o u g h  a t  lower  e l e ­
v a t i o n s  t h e  t i m b e r  p r e d o m i n a t e s ,  o c c u r r i n g  on g e n t l e r  and more s o u t h e r l y  
e xp o s e d  s l o p e s .  As in t h e  h i g h e r  e l e v a t i o n  a r e a ,  t h i s  p h y s i o g r a p h i c  
r e l a t i o n s h i p  may be due t o  d i f f e r e n t  e v a p o - t r a n s p i r a t  ion r a t e s ,  which
19
a r e  d e p e n d e n t  upon e x p o s u r e  t o  s u n l i g h t .
More mes 1c v e g e t a t i o n  a t  a g i ve n  e l e v a t i o n  in t h e  NE p o r t i o n  
o f  t h e  West  Fork d r a i n a g e  may r e f l e c t  t h e  g r e a t e r  annual  p r e c i p i t a t  ion 
in t h i s  a r e a .
H i s t o r y  o f  Land Use
P r i o r  t o  t h e  l a t e  l 8 0 0 ' s ,  l and  use  In t h e  G r a v e l l y  Range was 
l i m i t e d  t o  t r a p p e r s ,  go l d  p r o s p e c t o r s ,  and commercial  h u n t e r s .  Between 
1900 and 1925,  homes t eads  d e v e l op e d  a l o n g  some o f  t h e  v a l l e y  bo t t oms ,  
b u t  w i t h i n  t h e  West  Fork b a s i n ,  o n l y  one s u r v i v e s  t oda y .
G r a z i n g ,  p r i m a r i l y  by s h e e p ,  has  had t h e  l o n g e s t  h i s t o r y  o f  
e x t e n s i v e  l and  use  in t h e  G r a v e l l y s .  From t h e  t ime  o f  t h e  f i r s t  
a p p e a r a n c e  o f  s heep  r a n c h e r s  in t h e  l a t t e r  p a r t  o f  t h e  n i n e t e e n t h  
c e n t u r y  t o  t h e  i mp l e m e n t a t i on  o f  g r a z i n g  r e s t r i c t i o n s  in 1926,  g r a z i n g  
was unchec ked ,  and l a r g e  summer sheep  he r ds  t r a i l e d  f rom one end o f  
t h e  G r a v e l l y  Range t o  t h e  o t h e r .  S i n c e  t h e n ,  t h e  F o r e s t  S e r v i c e  has 
l i m i t e d  t h e  number o f  sheep-mont hs  o f  g r a z i n g ,  drawn g r a z i n g  a l l o t m e n t  
b o u n d a r i e s ,  and r e g u l a t e d  g r a z i n g  p r a c t i c e s .  In t h e  summer o f  1971, 
12,381 s h e e p  g r a z e d  t h e  West Fork d r a i n a g e  f o r  a p p r o x i m a t e l y  60 d ay s ,  
f o r  a t o t a l  o f  25 , 024  s heep- mont hs  o f  g r a z i n g .  The s m a l l e r  he r ds  of  
sheep  a r e  now managed by s e a s o n a l  employees  o f  l a r g e  sheep  r a n c h e s .  
C a t t l e  g r a z i n g  has a s i m i l a r  h i s t o r y ,  bu t  has  no t  been as e x t e n s i v e l y  
p r a c t i c e d  in t h e  West  Fork  b a s i n .
Wat er  r i g h t s  have a c c o u n t e d  f o r  t h e  d i v e r s i o n  from t h e  West Fork 
o f  an a p p r o p r i a t e d  d i s c h a r g e  o f  1483 c . f . s .  Th i s  has  been u t i l i z e d  f o r  
i r r i g a t i o n  and p l a c e r  mi n i n g .  S i n ce  t h e  abandonment  o f  p l a c e r  mi n i n g ,  
an a p p r o p r i a t e d  d i s c h a r g e  o f  625 c . f . s .  is  u t i l i z e d  t o d a y ,  a l l  o f  which 
i s  d i v e r t e d  f rom t h e  West Fork a t  t h e  c o n f l u e n c e  o f  Anderson Creek f o r
20
i r r i g a t i o n  in t h e  C e n t e n n i a l  V a l l e y .  In t h e o r y ,  t h i s  e n a b l e s  t he  
h o l d e r  o f  t h i s  w a t e r  r i g h t  t o  d i v e r t  t h e  e n t i r e  f low o f  t h e  West Fork 
a t  t h i s  p o i n t ,  s i n c e  t h e  a c t u a l  d i s c h a r g e  h e r e  n e v e r  a p p r oa c h e s  t h e  
a p p r o p r i a t e d  amount  o f  625 c . f . s .  However ,  t h e  a c t u a l  amount  o f  
d i v e r s i o n  has  n o t  been r e c o r d e d  d u r i n g  t h e  s p r i n g  peak p e r i o d .  Dur ing 
lower  f l ows  t h e  West Fork is  e n t i r e l y  d i v e r t e d  as  e v i d e n c e d  by the  
t o t a l  l a c k  o f  f low in t h e  West  Fork i mmedi a t e l y  below Anderson Creek.
G r a z i n g ,  l o g g i n g ,  and r e c r e a t i o n  a r e  t h e  ma j o r  forms of  l and 
use  in t h e  West Fork d r a i n a g e  t o d a y ,  and a r e  c o n t r o l l e d  by t h e  U. S. 
F o r e s t  S e r v i c e .  P l a t e  5 is  a l and  use  map o f  t h e  s t u d y  a r e a ,  showing 
g r a z i n g  a l l o t m e n t s ,  c l e a r c u t s , t h e  d i v e r s i o n  c a n a l ,  and r oads .  Of t he  
96 , 9 9 8  a c r e s  o f  t h e  s t u d y  a r e a ,  33 , 000  a r e  t oday  g r az e d  by sheep ,  
2 2 , 21 7  a r e  g r a z e d  by c a t t l e ,  and 3171 have been c l e a r c u t .  There  a r e  
26 m i l e s  o f  g r ad e d  r o a d ,  and an un d e t e r mi n e d  number o f  mi l e s  o f  j e e p  
t r a i l s .  Hunt ing  and f i s h i n g  a r e  t h e  ma j o r  forms o f  r e c r e a t i o n  in t he  
West  Fork d r a i n a g e .  R e c r e a t i o n i 5 t s  a r e  ma i n l y  r e s p o n s i b l e  f o r  us i ng  
and d e v e l o p i n g  j e e p  t r a i l s .  The o n l y  mining  in t h e  a r e a  is  a smal l  
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C h ap t e r  3 
SEDIMENT YIELD
The f o l l o w i n g  a t t e m p t s  t o  d e f i n e ,  s p a t i a l l y  and t e m p o r a l l y ,  
t h e  s ed i me n t  y i e l d  o f  t h e  West Fork d r a i n a g e  s ys t em by a n a l y s e s  o f  t h e  
d i s t r i b u t i o n  o f  s t r e a m  f low and t h e  s e d i m e n t - d i s c h a r g e  r e l a t i o n s h i p s  f o r  
t h e  components  o f  t h e  s ys t em t h r o u g h o u t  t he  y e a r .  Sediment  t r a n s p o r ­
t a t i o n  in t h i s  s t u d y  does  no t  i n c l u d e  d i s s o l v e d  s o l i d s ,  and bed l oad  
t r a n s p o r t a t i o n  r a t e s  were  measured a t  o n l y  one  s i t e ,  nea r  t h e  mouth o f  t h e  
West  Fo r k .  The a u t h o r  d e a l s  ma i n l y  w i t h  s uspe nded  s e d i me n t  y i e l d s ,  
which s h o u l d  be s e n s i t i v e  t o  v a r i a t i o n s  in r a t e s  o f  e r o s i o n  and,  t h e r e ­
f o r e ,  would be u s e f u l  in d e l i n e a t i n g  s o u r c e s  and c a u se s  o f  s ed i men t  
y i e l d s .  Thes e  s uspe nded  s ed i m e n t  y i e l d s  c o m p r i s e  9 8 . 2% o f  t he  t o t a l  
load o f  t h e  West  Fork a t  t h e  mouth,
D i s c h a r g e
P l a t e  1 shows t h e  l o c a t i o n s  o f  t h e  f i v e  c o n t i n u o u s l y  r e c o r d i n g  
d i s c h a r g e  me a s u r i n g  s t a t i o n s  and e l e v e n  s t a f f  gauge  s i t e s  in t h e  West 
Fork  d r a i n a g e .  The F o r e s t  S e r v i c e  has  m a i n t a i n e d  a l l  s t a t i o n s  e x c e p t  
f o r  t h e  West  Fork a t  t h e  mouth s i t e  (U. S . G. S .  no.  6 - 0 3 9 2 ) ,  which was 
m a i n t a i n e d  by t he  U.S.  G e o l o g i c a l  Survey f rom Augus t ,  1965,  t o  O c t o b e r ,  
1967 . The F o r e s t  S e r v i c e  began p e r i o d i c  d i s c h a r g e  measurement s  a t  
s i x t e e n  s t a f f  s i t e s  ( i n c l u d i n g  f i v e  which l a t e r  were  c o n v e r t e d  i n t o  
c o n t i n u o u s l y  r e c o r d i n g  s i t e s )  in Se p t e mb e r ,  1964.  Data f rom s t a f f  s i t e s  
a r e  s p a r s e .  S t a f f  gauges  were  r e p l a c e d  by c o n t i n u o u s  r e c o r d e r s  a t  Elk 
R i v e r ,  West  Fork a t  Lake Cr ee k ,  Soap Cr ee k ,  and G a z e l l e  Creek  in A u g u s t ,
22
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1966.  Of t h e s e ,  a l l  bu t  t h e  Elk R i v e r  s i t e  were  d i s c o n t i n u e d  in 
S ep t e m b e r ,  1970.  Data f rom r e c o r d i n g  s t a t i o n s  a r e  m i s s i n g  o r  u n r e l i a b l e  
f o r  some p e r i o d s ,  due t o  t e mpor a r y  breakdowns and w i n t e r  i ce  e f f e c t s .
F i g u r e  la in t h e  a p p en d i x  shows t h e  h y d ro g r ap h s  o f  t h e  West Fork 
a t  t h e  mouth f o r  w a t e r  y e a r s  1968,  1969,  and 1971.  For  w a t e r  y e a r s  
1967 t o  1970 , T a b l e  l a  in t h e  a p p e n d i x  l i s t s  t h e  a v e r a g e  mean f lows 
( f rom May 1 t o  O c t o b e r  1) ,  t h e  a v e r a g e  ba s e  f l o w s ,  and t h e  a v e r a g e  
a n n u a l ,  mean d a i l y  peak  f l ows  f o r  t h e  West Fork and a l l  o f  i t s  p e r e n n i a l  
t r i b u t a r i e s .
Bankful  1 d i s c h a r g e  o f  t h e  West Fork a t  t h e  mouth i s  e s t i m a t e d  
a t  912 c . f . s .  T h i s  i s  o b t a i n e d  by o b s e r v a t i o n  o f  d i s c h a r g e  and channe l  
occupancy  a t  t h e  gauged s i t e ,  and a g r e e s  w i t h  t h e  peak d i s c h a r g e  o f  a 
1. 5  y e a r  r e c u r r e n c e  i n t e r v a l  c a l c u l a t e d  by t h e  s t a n d a r d  USGS method 
(Benson,  I 968 ) . F i g u r e  2 i s  t h e  f l o o d  f r e q u e n c y  graph  o f  t h e  West 
Fork a t  t h e  mouth f o r  t h e  y e a r s  1966-1971.  A d i s c r e t e  v a l u e  f o r  
bankfu l  1 d i s c h a r g e  i s  d i f f i c u l t  t o  o b t a i n  e l s e w h e r e  a l on g  t h e  West 
F o r k ,  s i n c e  t h e  r e c u r r e n c e  i n t e r v a l  f o r  t h e  o c c u p a t i o n  o f  t h e  f l o o d p l a i n  
v a r i e s  w i d e l y  in t h e  West Fork V a l l e y  and t e r r a c e s  merge g r a d u a l l y  
i n t o  t h e  a c t i v e  f l o o d p l a i n .
D i s c h a r g e  r e c o r d s  f o r  snowmel t  e v e n t s  show a l ag  p e r i o d  o f  
a p p r o x i m a t e l y  f i f t e e n  hour s  e l a p s i n g  between d a i l y  maximum snowmelt  
and t h e  s u b s e q u e n t  d a i l y  peak d i s c h a r g e  a t  t h e  mouth o f  t h e  West Fork .  
I n s p e c t i o n  o f  t h e  West  Fork h y d r og ra p h s  r e v e a l s  t h e  " f l a s h i n e s s "  
o f  d i s c h a r g e  o r  s u b s t a n t i a l  change  in s h o r t  p e r i o d s  o f  t i me .  The 
l a r g e s t  r e c o r d e d  jump is  f rom 3 2 9 . 6  c . f . s .  t o  1370.0 c . f . s .  in 16 
h o u r s ,  a r a t e  o f  i n c r e a s e  o f  6 5 .0 c . f . s .  p e r  hour  ( June  2 6 -2 7 ,  1971) .
24
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F ig u re  2 . Flood freq u en cy  graph (1966-1971)» West Fork a t  th e  mouth.
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S p r i n g  snowmel t  Is r e s p o n s i b l e  f o r  t h e  annua l  pe a ks .  I n s p e c t i o n  
o f  t h e  West Fork h y d r o g r a p hs  shows t h a t  even t h e  h e a v i e s t  summer r a i n s  
o f  long d u r a t i o n  do n o t  c a u s e  a peak  f l ow c o m p a r a b l e  t o  f lows  d u r i n g  
s p r i n g  snowmel t .  The s m a l l e r ,  low e l e v a t i o n  ( a p p r o x i m a t e l y  <8000 f e e t ,  
2440 m.) snow a c c u m u l a t i o n s  b e g i n  t o  me l t  and a b l a t e  as  e a r l y  as  A pr i l  
and do s o  g r a d u a l l y .  However ,  t h e  h i gh  e l e v a t i o n  ( a p p r o x i m a t e l y  >8000 
f e e t )  p o r t i o n  o f  t h e  d r a i n a g e  g e n e r a l l y  shows a n e t  snow m o i s t u r e  
a c c u m u l a t i o n  i n t o  May, Th i s  l a r g e r  a c c u m u l a t i o n  t he n  g e n e r a l l y  undergoes  
a more r a p i d  m e l t .  Snow p i l l o w  d a t a  o f  Lion Mountain (8?60 f e e t ,  26 / 0  m.) 
f o r  w a t e r  y e a r  1970 show a me l t  o f  2 2 . 5  i nc hes  o f  w a t e r  e q u i v a l e n t  between 
May 16 and J une  20,  a p p r o x i m a t e l y  0 . 6 4  w a t e r - i n c h e s  p e r  day.
The r e l a t i v e  c o n t r i b u t i o n s  t o  d i s c h a r g e  o f  o v e r l a n d  f low and 
g r o u n dw a t e r  s e e p a g e  d u r i n g  snowmel t  a r e  d i f f i c u l t  t o  measure .  However,  
o v e r l a n d  f l ow has a domi nan t  c o n t r o l  o f  d i u r n a l  v a r i a t i o n s  in r u n o f f  
(Dunne,  e t ,  a l , ,  1971) ,  and t h i s  v a r i a t i o n  as  seen  in t h e  West  Fork 
h y d r o g r a p h s  Is s i g n i f i c a n t .  A l s o ,  f r o z e n  ground d u r i n g  snowmelt  g r e a t l y  
r e t a r d s  i n f i l t r a t i o n .  One may t h e r e f o r e  assume t h a t  a ma j o r  p o r t i o n  o f  
t h e  d i s c h a r g e  d u r i n g  snowmel t  i s  d e r i v e d  f rom o v e r l a n d  f low.
For  t h e  p u rp os e  o f  e s t i m a t i n g  suspended  s e d i me n t  y i e l d s  o f  t h e  
component s  o f  t h e  West  Fork d r a i n a g e  s ys t em,  h y d r og r a phs  o f  t h e  West 
Fork and I t s  p e r e n n i a l  t r i b u t a r i e s  a r e  s y n t h e s i z e d  from i n d i v i d u a l  
a v e r a g e s  o f  peak f l o w ,  ba s e  f l ow,  and a v e r a g e  f low from May 1 t o  O c t o b e r  
1 f o r  t h e  y e a r s  1967 t o  1970,  F i g u r e  3 i n c l u d e s  t h e s e  s y n t h e s i z e d  
h y d r o g r a p h s .  The a u t h o r  has  t a k e n  t h i s  a p p r o a c h ,  i n s t e a d  o f  a n a l y z i n g  
t h e  y i e l d  f o r  each  y e a r ,  f o r  t h e  f o l l o w i n g  r e a s o n s :
1. Hydrographs  o f  o n l y  f o u r  o u t  o f  t h e  f i f t e e n  components  
o f  t h e  d r a i n a g e  s ys t em a r e  a v a i l a b l e ;  t h e  o t h e r s  must  be
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s y n t h e s  î zed .
2.  S e d î m e n t - d î s c h a r g e  r e l a t i o n s h i p s  have been d e r i v e d  f o r  
t h e  e n t i r e  p e r i o d  f o r  which d a t a  was c o l l e c t e d ,  and t h e r e ­
f o r e  r e f l e c t  an " leverage" o f  t h e s e  r e l a t i o n s h i p s .  Thi s  i s  
n e c e s s a r y  b e c a u s e  s e d i me n t - d i s c h a r g e  d a t a  is s p a r s e  f o r  
most  o f  t h e  t r i b u t a r i e s .
3.  No t h i ng  was b e l i e v e d  t o  have o c c u r r e d  in t h e  s t u d y  a r e a  
d u r i n g  t h e  p e r i o d  o f  r e c o r d  which would have a f f e c t e d  
t h e  s uspe nded  s e d i m e n t  y i e l d .  Logging in t h e  G az e l l e  
Cr eek ,  Bogus Cr eek ,  Soap Cr eek ,  and F r e e z e o u t  Creek 
d r a i n a g e s  does  no t  seem t o  have a f f e c t e d  t h e  s h o r t - t e r m  
s ed i m e n t  y i e l d s  o f  t h e s e  t r i b u t a r i e s ,  based  upon f i e l d  
o b s e r v a t i o n  and t h e  l a c k  o f  s i g n i f i c a n t  i n c r e a s e s  in 
s u s pe nde d  s e d i m e n t  c o n c e n t r a t i o n s  in t h e s e  s t r e a m s  a f t e r  
l o g g i n g .  Th i s  s h o r t  t e rm t r e n d  is  co v e r e d  in t h e  
s e c t i o n  on l o g g i n g .
Values  f o r  mean p e a k , a v e r a g e , and ba s e  f lows  f o r  each o f  t he  
t r i b u t a r i e s  a r e  e s t i m a t e d  by use  o f  t h e  e q u a t i o n ,  Q = a(P x A ) ^ , where 
Q = d i s c h a r g e ;  P = mean annual  p r e c i p i t a t i o n  ( 1967 - 1070) ;  A = d r a i n a g e  
a r e a ;  a ,  b = e m p i r i c a l  c o n s t a n t s .  These  e q u a t i o n s  a r e  d e r i v e d  from d a t a  
o f  t h e  c o n t i n u o u s l y  r e c o r d i n g  d i s c h a r g e  s t a t i o n s  and a r e  g i ven  in t h e  
a p p e n d i x  ( Tab l e  l a ) .  Th i s  method o f  e s t i m a t i o n  i s  h i g h l y  i n a c c u r a t e ,  
a l t h o u g h  c o r r e l a t i o n  is  h igh  ( s e e  T a b l e  l a ) .  In t h e  c a s e  where t he  
e s t i m a t e d  d i s c h a r g e  v a l u e s  o f  a t r i b u t a r y  does no t  r e f l e c t  i t s  d i s c h a r g e  
c h a r a c t e r i s t i c s  as  s een  in t h e  d a t a ,  q u a l i t a t i v e  a d j u s t m e n t s  a r e  made.  
Th i s  Is h i g h l y  s u b j e c t i v e ,  bu t  r e n d e r s  t h e  f i n a l  s y n t h e s i z e d  h yd r og r aph  
more a c c u r a t e .
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F i g u r e  l a  i n c l u d e s  t h e  s y n t h e s i z e d  hy d r og r ap h  o f  t h e  West Fork 
a t  t h e  mouth ,  which compares  rough l y  w i t h  t h e  r e a l  h y d r o g r a p h s ,  a f t e r  
one v i s u a l l y  removes t h e  s e c o n d a r y  pe a ks .
The a u t h o r  a t t e m p t e d  t o  d e t e r m i n e  peak  d i s c h a r g e s  o f  t h e  t r i b u ­
t a r i e s  w i t h  a t h e o r e t i c a l  model bas ed  upon a t - a - s t a t i o n  and downst ream 
r e l a t i o n s h i p s  o f  h y d r a u l i c  geomet ry  and d i s c h a r g e  (Leopold  and Haddock,  
1963) .  F i g u r e  3 shows t h e  deve l opment  o f  t h i s  model .  A t - a - s t a t  ion 
r e l a t i o n s h i p s  o f  v e l o c i t y  and d i s c h a r g e  o f  t h e  form V = aQ^ a r e  d e r i v e d  
f o r  each  gauged t r i b u t a r y  and p l o t t e d .  Thes e  show t h e  changes  o f  
v e l o c i t y  w i t h  d i s c h a r g e  a t  a g i v e n  s i t e .  The gr aph  o f  c o n c u r r e n t  
downst ream changes  o f  v e l o c i t y  w i t h  d i s c h a r g e  f o r  a g i ven  f low is 
su p e r im p o s e d  upon t h e  above  g r a p h .  The s l o p e  o f  t h i s  l i n e  w i l l  remain 
c o n s t a n t  f o r  a l l  d i s c h a r g e s  (Leopold  and Haddock,  1963) .  Thus ,  f o r  any 
g i v e n  d i s c h a r g e  measured  a t  a gauged component  o f  t h e  d r a i n a g e  s y s t em,  
t h e  d i s c h a r g e  o f  any o t h e r  s i t e  f o r  which an a t - a - a t a t I  on r e l a t i o n s h i p  
has  been d e v e l o p e d  Is g i ve n  by t h e  i n t e r s e c t i o n  o f  t h e  g r aph  o f  t h e  
downs t ream r e l a t i o n s h i p  f o r  t h a t  f l ow and t h e  g r aph  o f  t h e  a t - a - s  t a t  i on 
r e l a t i o n s h i p  o f  t h a t  s i t e .
A d i s c h a r g e  c o r r e s p o n d i n g  t o  bankfu l  1 a t  t h e  mouth o f  t h e  West 
Fork is  c a l c u l a t e d  f o r  each gauged s i t e  w i t h  t h i s  model u s in g  v e l o c i t y -  
d i s c h a r g e  r e l a t i o n s h i p s .  Channel  a r e a - d i s c h a r g e  r e l a t i o n s h i p s  g e n e r a t e  
a s econd  s e t  o f  v a l u e s  by a p p l y i n g  a model ba s ed  on t he  same p r i n c i p l e s  
D i s c r e p a n c i e s  between t h e  two s e t s  o f  v a l u e s  a r e  as  h i gh  as  313%. 
T h e r e f o r e ,  t h e  v a l u e s  f o r  peak d i s c h a r g e s  o b t a i n e d  by t h i s  model a r e  
no t  a c c e p t e d .  Th e r e  a r e  a t  l e a s t  t h r e e  r e a s o n s  f o r  t h e  f a i l u r e  o f  




a re a  ( f t .  )
l a 10
Ï 0Ô
d isc h a rg e  ( c . f . s . )
lObO
x=coîfîponent d isc h a rg e , low flow  
o=component d isc h a rg e , peak flow
F ig u re  3* Peak flow  e s tim a tio n  model. Peak flow  o f  each t r i b u t a r y  should 
co rrespond  to  p o in t o f  in te r s e c t io n  o f graph o f downstream change o f 
channel a re a  w ith  d isc h a rg e  ( a t  peak flow ) and th e  graph o f  th e  t r i b u t a r y 's  
a t - a - s t a t i o n  change o f ch annel a re a  w ith  d isc h a rg e , Doimstream graphs fo r  
d i f f e r e n t  flow  m agnitudes should  be p a r a l l e l .  For c l a r i t y ,  on ly  f iv e  
components a re  re p re s e n te d  h e re .
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1. H y d r o g e o l o g i c  nonhomogenî ty
2.  N o n - s i m u l t a n e i t y  o f  peak d i s c h a r g e s  o f  t h e  West  Fork and 
I t s  t r i b u t a r i e s
3.  Measurement  e r r o r s  I n h e r e n t  In smal l  s t r e a m s  
Suspended Sed iment  Y i e l d
The F o r e s t  S e r v i c e  has measured  s uspe nded  s e d i me n t  c o n c e n t r a t i o n s  
and t u r b i d i t y  a t  16 s i t e s  in t h e  West Fork d r a i n a g e  p e r i o d i c a l l y  s i n c e  
1964.  (These  s i t e s  a r e  t h e  same as  t h e  d i s c h a r g e  measurement  s i t e s  
shown on P l a t e  1 . )  The a u t h o r  has  a l s o  measured  suspended  sed i men t  
c o n c e n t r a t i o n s  n e a r  t h e  mouth o f  t h e  West Fork f rom June  6 t o  28,  197K 
Suspended s e d i m e n t  c o n c e n t r a t i o n s  were  measured  by o b t a i n i n g  a w a t e r  
s ample  w i t h  a h a n d - h e l d ,  d e p t h - i n t e g r a t Î ng s a m p l e r ,  and t hen  a n a l y s i n g  
t h e  sampl e  by t h e  s t a n d a r d  U. S . G. S .  method (Guy, 1969) .  Values  f o r  
t u r b i d i t y .  In J ac k s on  T u r b i d i t y  U n i t s  ( J TU) , have been c o n v e r t e d  t o  
v a l u e s  f o r  s us p e n d e d  s e d i m e n t  c o n c e n t r a t i o n ,  In PPM, by means o f  
r e l a t i o n s h i p s  d e r i v e d  f o r  each  s u b d r a i n a g e ,  which a r e  l i s t e d  in t he  
ap p en d i x  (Tab l e  2 a ) .
From J une  12,  t o  13, 1971,  t h e  F o r e s t  S e r v i c e  c onduc t ed  an 
a e r i a l  I n f r a r e d  p h o t o g r a p h i c  s u r ve y  o f  t h e  e n t i r e  d r a i n a g e  ne twork  t o  
d e t e r m i n e  t h e  s p a t i a l  d i s t r i b u t i o n  o f  su spe nded  s e d i m e n t .  S i m u l t a n e o u s l y ,  
g round  c o n t r o l  s ampl es  were  t a k e n .  The p h o t o g r a p h s  were  l a t e r  a n a l y z e d  
w i t h  a p h o t o d e n s i t o m e t e r .  The r e s u l t s  o f  t h i s  s t u d y  a r e  r e p o r t e d  by 
Rosgen (1972 ) .
Annual  su spe nded  s ed i m e n t  y i e l d s  o f  t h e  West Fork and i t s  
gauged t r i b u t a r i e s  a r e  e s t i m a t e d  by d e r i v i n g  a r e l a t i o n s h i p  between 
s u s p e n d e d  s e d i m e n t  y i e l d  and d i s c h a r g e  f o r  each  component  o f  t h e
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d r a i n a g e  s y s t em and then  a p p l y i n g  t h e  r e l a t i o n s h i p  t o  t h e  s y n t h e s i z e d  
h yd r og r ap h  o f  t h a t  component .  The s e d i m e n t  y i e l d  f o r  each  component  
i s  g r a p h e d  and t h e  t o t a l  i s  t hen  c a l c u l a t e d  f o r  t h e  p e r i o d  o f  t he  
h y d r o g r a p h .  For  each  o f  t h e  gauged d r a i n a g e  components  t h e  s uspended  
s ed i m e n t  y i e l  d - d i s c h a r g e  r e l a t i o n s h i p  i s  shown in F i g u r e  4,  t h e  g raph  
o f  s us pe nded  s e d im e n t  y i e l d  i s  shown in F i g u r e  5, and t o t a l  annual  
su s p e n d e d  s ed i m e n t  y i e l d ,  t h e  r a t i o  o f  mean d a i l y  s uspe nded  s ed i men t  
y i e l d  (May 1 t o  Oc t o b e r  1) t o  mean d a i l y  d i s c h a r g e  (May 1 t o  Oc t obe r  1 ) ,  
and t h e  e r o s i o n  r a t e  (cm. / c e n t u r y )  o f  t h e  s u b d r a i n a g e  a r e  i n c l u d e d  
in T a b l e  4.  D i s c u s s i o n  o f  t h e  r e l a t i v e  c o n t r i b u t i o n s  t o  suspended  
s ed i m e n t  y i e l d  by t h e  t r i b u t a r i e s  and by s t r ea mb a n k  e r o s i o n  i s  cove red  
in t h e  s e c t i o n  on e r o s i o n .
Bed load  Y i e l d
The a u t h o r  measured  bed l oa d  t r a n s p o r t  r a t e s  n e a r  t h e  mouth o f  
t h e  West  Fork f rom June  6 t o  28,  1971 w i t h  a H e l l e y - S m i t h  bed l oad  
s a m p l e r  ( H e l l e y  and Smi t h ,  1971) shown in P l a t e  6.
P l a t e  6.  H e l l e y - S m i t h  b e d l oa d  s a mp l e r
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Lg = aQ
Component a b r n
West Fork #4 .0019 1.850 .9581 33
Elk River .0195 1.383 .6281 16
G azelle  Creek .0168 1.520 .9008 24
Soap Creek .0357 1.463 79630 23
Freezeout Creek .0237 1.730 .9093 16
Tepee Creek .0174 1.790 .8027 9
Meridian Creek .0533 1.947 .9093 14
West Fork §2 .0233 1.567 .9729 8
Foss il  Creek ,0050 2.079 .9557 4
Buford Creek .0268 .1.676 .9577 5
West Fork #1 .0175 1.792 .9986 3
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Component
T o t a l  Annual  
Suspended  
Sed i men t  
Y i e l d  (T. )
Mean D a i l y  Suspended 
Sediment  Y i e l d  
Mean Da i l y  D i s ch a r g e
E r o s i o n  Rate  
( c m/ ce n t u r y )
West  Fork #1 830 .329 1.60
Buford  Cr . 320 . 387 2 . 20
Foss i 1 Cr . 368 . 219 Î .32
Cascade  Cr . - 3 6 0 ^C219 - 1.32
P o r t a l  Cr. -150 - . 2 1 9 - 1.72
SUBTOTAL 2 , 0 9 8
West Fork #2 2 , 16 0 .221 1.06
Lobo Cr . - 2 1 8 ^ . 2 1 9 ' 1. 44
M e r i d i a n  Cr, 336 . 257 1.65
Tepee Cr . 352 .219 1.38
Elk R. 1,012 . 096 0 . 616
F r e e z e o u t  Cr . 630 . 298 2 . 07
Soap Cr. 232 . 135 1.00
Bogus Cr . - 1 2 0 ^ . 1 3 5 >v . 998
G a z e l l e  Cr . 412 . 119 . 826
SUBTOTAL 5 , 472
West Fork  a t  mouth 10,560 . 346 1.62
T a b l e  4 .  Suspended  s ed i m e n t  y i e l d ,  s e d i m e n t  y i e l d - d l s c h a r g e  i n d e x ,  and 
e r o s i o n  r a t e .  West  Fork and t r i b u t a r i e s .
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From a b r i d g e ,  t h e  s a m p l e r  was l owered  t o  t h e  bo t t om a t  t e n  perma­
n e n t  s a m p l i n g  s i t e s  s pa c e d  f i v e  f e e t  ( 1 . 5 2  m.) a p a r t  and a l l o w e d  t o  
c o l l e c t  s e d im e n t  f o r  f i v e  m i n u te s  a t  each  s i t e .  The samples  were then 
we i ghed  d r y .  Bedload t r a n s p o r t a t i o n  r a t e s  ( T . / d a y )  f o r  each  measurement  
p e r i o d  were  c a l c u l a t e d  f o r  t h e  e n t i r e  channe l  c r o s s - s e c t i o n  by i n t e r ­
p o l a t i n g  be tween t h e  m e a s u r i n g  s t a t i o n s .  A r e l a t i o n s h i p  between 
bed load t r a n s p o r t  r a t e  and d i s c h a r g e  is  t hen  d e r i v e d  and a p p l i e d  t o  
t h e  s y n t h e s i z e d  hyd r og r ap h  o f  t h e  West  Fork a t  t h e  mouth.  Thi s  r e l a ­
t i o n s h i p  i s  shown in F i g u r e  6 and t h e  graph  o f  b e d l o a d  y i e l d  i s  i n c l u d e d  
in F i g u r e  5.
Bedload s a mp l ing  w i t h  t h e  H e l l e y - S m i t h  s am p l e r  i s  s u b j e c t  t o  
c o n s i d e r a b l e  e r r o r .  O v e r r e g i s t r a t i o n  o f  up t o  50% can be a n t i c i p a t e d  
in m e a s u r i n g  a s o f t  bed o f  s a n d - s i z e d  m a t e r i a l  ( H e l l e y  and Smi t h ,  1971) .  
However ,  t h e  bed o f  t h e  West Fork is  f i r m  and t h e  b e d l oad  i s  mos t l y  
c o a r s e r  t han  s a n d .  T h e r e f o r e ,  t h e  t r a p  e f f i c i e n c y  o f  t h e  s amp l e r  in 
t h i s  c a s e  i s  assumed t o  be 1 . 00 .  The l a r g e s t  s o u r c e  o f  e r r o r  i s  due t o  
t he  m i g r a t i o n  o f  bed fo rms .  At s t a t i o n s  where  t h i s  was s u s p e c t e d  t o  
o c c u r ,  as  many as  t h r e e  s u c c e s s i v e  sampl es  were  t a ken  and a v e r a g e d .  
Ano t he r  s o u r c e  o f  e r r o r  l i e s  in t h e  i n a b i l i t y  o f  t h e  s amp l e r  t o  c o l l e c t  
p a r t i c l e s  whose i n t e r m e d i a t e  a x i s  i s  g r e a t e r  than 3 i nc hes  ( 7 . 6  cm, ) .  
However ,  a v i s u a l  e s t i m a t e  o f  t h e  s i z e  d i s t r i b u t i o n  o f  t h e  bed l oad  shows 
a sma l l  p o r t i o n  o f  t h e  t o t a l  load t o  be o f  t h i s  s i z e  o r  g r e a t e r .
T o t a l  Sed i men t  Y i e l d
D i s r e g a r d i n g  d i s s o l v e d  s o l i d s ,  t h e  t o t a l  annual  s ed i men t  y i e l d  
o f  t h e  West  Fork a t  t h e  mouth,  c o r r e s p o n d i n g  t o  t h e  f low d e s c r i b e d  by 
t h e  s y n t h e s i z e d  h y d r o g r a p h ,  is  10 , 676  t ons  o r  70 . 4  t ons  p e r  s q u a r e  m i l e .  
Ten t h o u sa n d  f o u r  hundred  e i g h t y  t o n s ,  o r  98.2% is suspended  s e d i m e n t ;
1000 -
100 -
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d isc h a rg e  ( c . f . s . )
Lg=aQb
a=0 . 00196 
b=1.850  
r =0 .9 5 8 1  
n=33
Lb=cQ^
c=0 . 000197  
8 - 1 . 50 3  
r=0.8629 
n=15
F ig u re  6 . R e la tio n sh ip s  o f  suspended sedim ent y ie ld  and bedload y ie ld  w ith  
d is c h a rg e , West Fork a t  th e  mouth.
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196 t o n s ,  o r  1.8%, Is t r a c t i v e  l oa d .  F i g u r e  6 shows t h e  r e l a t i o n s h i p s  
o f  s uspe nded  s e d i me n t  y i e l d  and b e d l o a d  y i e l d  w i t h  d i s c h a r g e .  F i g u re  5 
i n c l u d e s  t h e  g r ap h s  o f  t h e s e  y i e l d s .
E s t i m a t e s  o f  t h e  t o t a l  annua l  s ed i me n t  y i e l d  pe r  s qu a r e  mi l e  
o f  t h e  ma j o r  d r a i n a g e  components  o f  t h e  Middle  Fork Eel R i v e r ,  
C a l i f o r n i a ,  ( K n o t t ,  1971) r ange  from 625 T . / m i ^  t o  3 , 760  T . / m i ^ ,  one 
t o  two o r d e r s  o f  ma g n i t ude  g r e a t e r  t han  t h e  e s t i m a t e d  y i e l d  o f  t h e  West 
Fork o f  t h e  Madison.  The p e r c e n t a g e  o f  suspended  s e d i me n t  measured in 
e i g h t  components  o f  t h e  Middle  Fork Eel R i v e r  r ange  f rom 71.0% t o  98.4%. 
Annual s e d i m e n t  y i e l d s  p e r  u n i t  a r e a  o f  t h e  Eel R i ve r  Bas in  a r e  t h e  
h i g h e s t  measured  o f  any r i v e r  o f  i t s  s i z e  o r  l a r g e r  in t h e  Uni t ed  
S t a t e s  (Brown and R i t t e r ,  1971) .  Much of  t h e  p r e s e n t  s ed i men t  y i e l d  
o f  thi is d r a i n a g e  i s  d e r i v e d  by land s lumps i mpinging  on s t r e a m  c h a n n e l s .  
In compar i son  o f  g e o l o g y ,  c l i m a t e  and l and u s e ,  t h e  Eel Ri ve r  Basin 
df| f  f e r s  g r e a t l y  f rom t h e  West Fork B a s i n .
C h ap t e r  k 
SOURCES AND CAUSES OF EROSION
St reambank  E r o s i o n
The most  n o t a b l e  o b s e r v a t i o n  f rom T a b l e  4 i s  t h a t  t h e  sum 
o f  t h e  s u sp e n d e d  s ed i m e n t  y i e l d s  o f  t h e  West  Fork n e a r  Lobo Creek 
(WF #2) and a l l  o f  t h e  t r i b u t a r i e s  downst ream f rom t h i s  p o i n t  a c c o u n t s  
f o r  o n l y  53-2% o f  t h e  t o t a l  su s pe nded  s e d i me n t  y i e l d  a t  t h e  mouth o f  t he  
West Fork .  The r e s t ,  5008 t o n s ,  must  t h e r e f o r e  be d e r i v e d  p r i m a r i l y  
from s t r ea m b a n k  e r o s i o n  a l o n g  19 m i l e s  ( 3 0 . 6  km) o f  t h e  Lower West 
Fork ,  w i t h  smal l  c o n t r i b u t i o n s  f rom unmeasured ,  i n t e r m i t t e n t  t r i b u t a r i e s  
O t h e r  q u a l i t a t i v e  and q u a n t i t a t i v e  e v i d e n c e  shows t h a t  s t r eambank  
e r o s i o n  is  a ma j o r  c o n t r i b u t o r  t o  t h e  su spe nded  s ed i men t  y i e l d  o f  t he  
West Fork.
Below Lobo Cr ee k ,  t h e  West Fork commonly meanders  s i n u o u s l y  
t h r o u g h  an a c t i v e  f l o o d p l a i n ,  u n d e r c u t t i n g  s i l t  s t r e a m  banks o f  up 
t o  6 f e e t  in h e i g h t  ( s e e  P l a t e s  7 and 8 ) .  At f o u r  p o i n t s ,  t h e  channel  
u n d e r c u t s  h igh  banks  o f  t u f f a c e o u s  m a t e r i a l ,  c a u s i n g  mass w a s t i n g  o f  
t h i s  m a t e r i a l  i n t o  t h e  s t r e a m  ( P l a t e s  9 and 10) ,  C o l l a p s i n g  banks and 
f a l l e n  t r e e s  a r e  e s p e c i a l l y  common a l on g  t h e  o u t s i d e  o f  meanders  and 
a l o n g  newly formed meander  c u t o f f s  ( P l a t e s  8,  11 and 12) ,  a l t h o u gh  
t h e s e  phenomena a r e  a l s o  found a l on g  s t r a i g h t  r e a c h e s .  P e d e s t a l  l ed 
w i l l o w s  a l o n g  s t r ea m b a n k s  a r e  I s o l a t e d  l a t e r a l l y  f rom t h e  bank by 
e r o s i o n  o f  s u r r o u n d i n g  bank m a t e r i a l  ( P l a t e  13) .
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P l a t e  7* F l o o d p l a i n  o f  West Fork below Lobo Creek
3
P l a t e  8 .  U n d ercu t  st reambanks
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P l a t e  9 . T u f f a c e o u s  s t r eambank  m a t e r i a l
P l a t e  10. T u f f a c e o u s  st reambank m a t e r i a l
4)
P l a t e  11. F a l l e n  t r e e s  undermined by s t r eambank  e r o s i o n ,  
Lower West Fork,
P l a t e  12. C o l l a p s i n g  s t ream b an k ,  Lower West F o rk .
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P l a t e  13 . Pedes  t a i l e d  Wi l l ows ,  n e a r  mouth o f  Elk R i v e r .
The a u t h o r  h o r i z o n t a l l y  imbedded 83 t e n - p e n n y  n a i l s  (5 i n c h e s ,
12.7  cm) f l u s h  to  s t r ea mb a n k s  o f  t h e  West Fork below Elk R i ve r  a t
v a r i o u s  t i mes  d u r i n g  t h e  peak r u n o f f  p e r i o d  o f  J u n e ,  1971.  A f t e r  t h i s
p e r i o d ,  t h e  n a i l s  were  examined f o r  e x p os u r e  due t o  e r o s i o n  o f  t h e  
s u r r o u n d i n g  bank m a t e r i a l .  T a b l e  5 summar izes  t h e  r e s u l t s  o f  t h e s e  
o b s e r v a t i o n s .  I t  s h o u l d  be no t e d  t h a t  t h e  amounts  o f  e r o s i o n  measured 
would be g r e a t e r  had t h e  n a i l s  been i mp l an t ed  b e f o r e  t h e  b eg i n n i n g  o f  
t h e  p e r i o d  of  peak s p r i n g  r u n o f f .  The p e r i o d  o f  o b s e r v a t i o n  o f  t h i s  
l a t e r a l  bank c u t t i n g  i s  n o t e d  by s h a d i n g  in t h e  1971 hydr ogr aph  ( F i g .  l a ) .  
Na i l  e x p o s u r e s  a t  s i t e s  a l o n g  s t r a i g h t  r ea c h e s  a r e  t h e  b e s t  measurement  
o f  channe l  w i d e n i n g .  A l t hough  d a t a  is  s p a r s e ,  n a i l  e x p os u r e s  c o n s i s t e n t l y  
show e v i d e n c e  o f  w i de n i ng  o f  t h e  West  Fork c h a n n e l .  ( i t  must  be n o t e d
t h a t  a l l  o f  t h e  n i n e  l o s t  n a i l s  were  i mp l a n t ed  a l o n g  t h e  same r e a c h ,
and do n o t  r e p r e s e n t  a random sample  o f  s t r a i g h t  r e a c h e s  o f  t h e  lower 
West  F o r k . )
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EXPOSURE 
( i n c h e s )
NUMBER OF NAILS
O u t s i d e  o f  Meander  S t r a i g h t  Reach D i s t r i b u t a r y  Channel
0 0 0 5
1/8 2 0 0
1/4 0 0 4
1/2 1 2 6
1 4 0 0
2 0 0 1
4 I 0 0
X* 26 9 1
To t a  1 34 11 17
*Gone,  p r es u ma b l y  c o m p l e t e l y  exhumed by s t r ea m b a n k  e r o s i o n  
T a b l e  5 .  Expos u r e  o f  t e n - p e n n y  _nai Is  by s t r ea m b a n k  e r o s i o n .
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Some o b s e r v a t i o n s  o f  t h e  c o l o r  o f  s t r e a m  s e d i m e n t  p r o v i d e s  a 
c l u e  f o r  t h e  s ed i m e n t  s o u r c e .  Dur ing  s p r i n g  r u n o f f  t h e  w a t e r  Is brown.  
A f t e r  a heavy summer showe r ,  t h e  w a t e r  is c o n s i d e r a b l y  r e d d e r  than 
d u r i n g  t h e  s p r i n g  peak p e r i o d .  The d e r i v a t i o n  o f  s t r e a m  s e d i m e n t  may 
t hus  change  between t h e  two d i f f e r e n t  h y d r o l o g i e  e v e n t s .  The red 
s e d i m e n t  i s  p r o b a b l y  d e r i v e d  f rom red c o l o r e d  bed r ock  u n i t s  in t h e  
up p e r  p a r t  o f  t h e  d r a i n a g e ,  where  I n t e n s e  r a i n  c a u se s  hi 11s l ope  e r o s i o n  
bu t  an i n s i g n i f i c a n t  i n c r e a s e  in f low in compar i son  w i t h  s p r i n g  r u n o f f .  
The brown s ed i m e n t  i s  d e r i v e d  in s t r ea mb a n k  e r o s i o n  when f low is  n e a r  
b a n k f a l l ,  and any c o l o r a t i o n  by u ps t r e a m  s e d i me n t  i s  masked by t he  
brown s e d i m e n t  e r od e d  f rom t h e  s t r e a m b a n k s .
Rosgen s t a t e s  t h a t  s t r ea m b a n k  e r o s i o n  i s  an i m p or t a n t  c o n t r i b u t o r  
to  s e d i me n t  y i e l d  in t h e  West  Fork ( p e r s o n a l  communi ca t i on ,  1972) .
His a n a l y s i s  o f  d a t a  o b t a i n e d  in t h e  a e r i a l  i n f r a r e d  p h o t o g r a p h i c  s u r ve y  
i l l u s t r a t e s  a s i g n i f i c a n t  r i s e  in s e d i m e n t  c o n c e n t r a t i o n  in t h e  West 
Fork a f t e r  r e a c h i n g  t h e  p o i n t  above  Lobo Creek ,  where  t h e  s t r e a m  b e g i ns  
t o  meander  t h r ough  t h e  f l o o d p l a i n  shown in P l a t e  7- No t r i b u t a r i e s  e n t e r  
t h e  West  Fork in t h i s  i n t e r v a l .  His d e t a i l e d  d i s c u s s i o n  o f  s ed i men t  
c o n c e n t r a t i o n s  below t h i s  i n t e r v a l  and t h r o u g h o u t  t h e  r e s t  o f  t he  
d r a i n a g e  w i l l  a p p e a r  in May, 1972.
The i m p l i c a t i o n s  o f  t h i s  h i gh  r a t e  o f  s t r eambank  e r o s i o n  and t h e  
o v e r a l l  l a t e r a l  e x t e n t  o f  s t r ea m b an k  e r o s i o n  a r e  d i s c u s s e d  in Ch a p t e r  5- 
Sed iment  Y i e l d s  o f  S u b d r a i n a g e s
F i g u r e  7 shows t h e  r e l a t i o n s h i p  between suspended  s ed i men t
2
c o n c e n t r a t i o n  (C^) and r u n o f f  ( c . f . s . / m i .  o r  c . s . m . )  f o r  each  o f  t h e  
measu red  component s  o f  t h e  West Fork d r a i n a g e .  E s s e n t i a l l y ,  t h i s  is  a
100 .
suspended sedim ent 
c o n c e n tra tio n  (PPM)
1 10
ru n o ff  ( c . s . m , )
Cs = a a'
Component a b r n
West Fork #4 50,09 0.8401 0.8266 33
G aze lle  Cr. 22.29 0.5203 0,5790 24
F reezeo u t Cr. 36.61 0,7301 0,6782 16
E lk  R iver 38,28 0,1969 0 ,1508 16
Tepee Cr, 26,32 0 ,7940 0,5097 9
M eridian Cr, 86.41 0,9511 0,7289 ' 14
West Fork #2 77 .14 0,5650 0 ,8354 8
F o s s i l  Cr, 36.81 0,4618 0,7163 4
Buford Cr, 22 .5 5 0,6822 0,8004 5
West Fork #1 46 ,63 0.7911 0,9986 3
F ig u re  7. R e la tio n s h ip s  o f suspended sedim ent c o n c e n tra tio n  to  ru n o ff ,  West 
Fork and t r i b u t a r i e s .  Ranges l im ite d  by a v a i la b le  d a ta .
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gr aph  o f  t h e  r e l a t i v e  s ed i me n t  y i e l d s  o r  r a t e s  o f  e r o s i o n  o f  t he
s u b d r a i n a g e s ;  f o r  each  ma g n i t u d e  o f  r u n o f f ,  t h e  r e l a t i v e  s ed i men t  y i e l d s
o f  each  s u b d r a i n a g e  can be o b t a i n e d ,  t h e  h i g h e r  r e l a t i v e  y i e l d s  f a l l i n g
h i g h e r  on t h e  g r ap h .  An o v e r a l l  compar i s on  o f  r e l a t i v e  s ed i men t
c o n t r i b u t i o n s  is  shown by t h e  r a t i o s  o f  mean d a i l y  s ed i men t  y i e l d  per
u n i t  d i s c h a r g e  ( Tab l e  4 ) .  Thes e  a r e  c o n v e r t e d  t o  e r o s i o n  r a t e s
( c m . / c e n t u r y )  and a l s o  l i s t e d  In T a b l e  4.  Th i s  must  no t  be c o n s t r u e d
t o  mean t h a t  X c e n t i m e t e r s  w i l l  be u n i f o r m l y  e r od e d  from a g i ven
d r a i n a g e  In a c e n t u r y ,  bu t  i f  i t  we r e ,  m a t e r i a l  would be s t r i p p e d
away t o  t h i s  d e p t h .  In d e c r e a s i n g  o r d e r ,  t h e  r e l a t i v e  s ed i men t  y i e l d
o f  each  s u b d r a i n a g e  i s  now a c c o u n t e d  f o r  w i t h  r e f e r e n c e  t o  d a t a  and
f i e l d  o b s e r v a t i o n s .  The f i g u r e s  l i s t e d  a f t e r  each d r a i n a g e  component
a r e  t h e  i ndex  o f  r e l a t i v e  s e d i m e n t  y i e l d  (^ - ^ ^  ^ ^nd t h e' mean Q
d r a i n a g e  a r e a  ( i n  h e c t a r e s ) .
Buford  Creek  ( . 3 8 7 , 879 h e c t a r e s ) :  The Buford Creek d r a i n a g e
p r o b a b l y  owes i t s  h igh  r e l a t i v e  e r o s i o n  r a t e  t o  a co mb i n a t i on  o f  
g r a z i n g  p r e s s u r e  and e r o d i b l e  Mesozoic  b e d r oc k  u n i t s  u n d e r l y i n g  most  
o f  t h i s  s u b d r a i n a g e .  Along t h e  upper  t h i r d  o f  t h e  d r a i n a g e ,  t h e  channe l  
i s  i n c i s i n g  s h a l e ,  as  s een  in e x p o s u r e s  o f  s h a l e  in s t r eambanks  and In 
t h e  s t r e a m  bed.  Th e r e  is  a l s o  t o p o g r a p h i c  e x p r e s s i o n  o f  channel  
impingement  by s o l i f l u c t i o n  and s o i l  c r e e p  s p o r a d i c a l l y  a l ong  Buford 
C r eek .
Damage from g r a z i n g  p r e s s u r e  is  h e a v i e s t  a t  t he  uppermost  
p o r t i o n s  o f  t h e  d r a i n a g e  a r e a ,  b e c a u s e  sheep  f a v o r  t h e s e  p l a c e s  f o r  
b e d d i n g .  A p r o b a b l e  c o n s e q u e n c e  o f  t h i s  is i n c r e a s e d  r u n o f f  ( a l ong  w i t h  
h i l l s l o p e  e r o s i o n )  which may have a c c e l e r a t e d  I n c i s i o n  o f  e r o d i b l e  
b e d r o c k .
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Two l a n d s l i d e s  p a r t i a l l y  f i l l i n g  t h e  Buford  v a l l e y  w i t h i n  t h r e e  
m i l e s  ( 4 . 8  km.) o f  t h e  c o n f l u e n c e  w i t h  t h e  West  Fork p ro b a b l y  c o n t r i b u t e  
t o  t h e  s e d i m e n t  y i e l d .  However,  n e i t h e r  a r e  r e c e n t ,  and winnowing o f  
t h e  f i n e  f r a c t i o n  o f  t h e  s l i d e  m a t e r i a ]  has  a rmored  t h e  s t r e a m  bed 
o v e r  t h e s e  s l i d e s  w i t h  c o a r s e r  m a t e r i a l .
West  Fork a t  t h e  mouth ( . 3 4 6 :  39 , 270  h a . ) .  As p r e v i o u s l y  s t a t e d ,  
t h e  West  Fork d e r i v e s  a l a r g e  amount  o f  s ed i m e n t  from s t r ea m  bank 
e r o s i o n .  I t s  r e l a t i v e  s e d i m e n t  t r a n s p o r t  r a t e  t hus  f a r  exceeds  t he  
w e i g h t e d  mean o f  t h a t  o f  t h e  t r i b u t a r i e s  ( . 1 7 8 ) .
West  Fork  above  Buford Creek ( . 3 29 :  3125 h a . ) .  Th i s  is  
a n o t h e r  c a s e  where  g r a z i n g  p r e s s u r e  has  p r o ba b l y  a g g r a v a t e d  a 
g e o l o g i c a l l y  e r o d i b l e  c o n d i t i o n .  About  o n e - h a l f  o f  t h e  s u b d r a i n a g e  is 
u n d e r l a i n  by t h e  Aspen F o r ma t i on ,  l a r g e l y  v a r i e g a t e d  s h a l e ,  A f a u l t  
r un n i n g  down t h e  c o u r s e  o f  t h e  West Fork f rom Eureka  Bas in  t o  
Miner  Creek  may add t o  t h e  e r o d i b i l i t y  o f  t h i s  m a t e r i a l .
The p r edomi nance  o f  g r a s s l a n d s  and t h e  s p a r s e n e s s  o f  v e g e t a t i o n  
in r e l a t i o n  t o  t h e  r e s t  o f  t h e  s t u d y  a r e a  is a t t r i b u t e d  l a r g e l y  t o  a 
low mean annua l  p r e c i p i t a t i o n  (19 . 42  i n . ,  4 9 . 4  c m . ) .  Graz ing  p r e s s u r e  
may have  f u r t h e r  r educe d  t h e  d e n s i t y  of  v e g e t a t i o n  in much o f  t h e  a r e a ,  
n o t a b l y  Eureka  Bas in  ( P l a t e  14) ,  where  g u l l i e s ,  b a r r e n  a r e a s ,  and 
pedes  t a  l i e d  p l a n t s  a r e  common.
Li ke  Buford  Creek ,  t h e  West  Fork a p p e a r s  t o  be a c t i v e l y  i n c i s i n g  
s h a l e  b e d r o c k  n e a r  i t s  s o u r c e .  A q u a l i t a t i v e  compar i son  o f  two smal l  
t r i b u t a r i e s  n e a r  t h e  head o f  t h e  West Fork ,  one f l owi ng  t h rough  s h a l e  
and t h e  o t h e r  t h r ou g h  s a n d s t o n e ,  r e v e a l s  t h a t  t h e  t r i b u t a r y  f l owi ng  
in s h a l e  runs  d l s c e r n a b l y  m u r k i e r  t han  t h e  o t h e r .
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P l a t e  14.  Eureka  Bas in
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S o l i f l u c t i o n  and mi nor  l and  s l umps ,  which a r e  numerous above 
Ander son  C r e e k ,  c o n t r i b u t e  t o  t h e  s ed i m e n t  y i e l d  o f  t h i s  s u b d r a i n a g e  
( P l a t e s  15 and 16) .
P l a t e  15* Hummocky t o pog r aphy  i n d i c a t i v e  o f  s o i l  c r e e p  
a l o n g  Fox Creek .
1»̂ *
P l a t e  16. Smal l  l and slump a l on g  t h e  West Fork above 
Fox Creek .
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I t  s h o u l d  be n o t e d  t h a t  t h e  S taudemeyer  i r r i g a t i o n  c a n a l ,  which 
d i v e r t s  a p o r t i o n  o f  t h e  f low o f  t h e  West  Fork below Anderson Creek,  
r ed u c e s  t h e  f l o w ,  and c o n s e q u e n t l y  t h e  s e d i me n t  y i e l d  o f  t h i s  s u b ­
d r a i n a g e  t o  t h e  lower  West  Fork .  Th i s  cana l  i s  be i ng  r a p i d l y  downcut ,  
and i s  a s e r i o u s  g e o l o g i c  h a z a r d  in t e rms  o f  l and  s l i d i n g  and e r o s i o n .  
O v e r s t e e p e n i n g  o f  d e e p l y  c u t  banks o f  t h e  cana l  may r e s u l t  in c o l l a p s e  
w i t h  p o s s i b l e  r e d i v e r s i o n  o f  s e d i m e n t - l a d e n  f low t o  t h e  West Fork.  I t  
i s  a l s o  p o s s i b l e  t h a t  c o n t i n u e d  d o w n c u t t i n g  o f  t h e  cana l  may e v e n t u a l l y  
r e s u l t  in t o t a l  c a p t u r e  o f  t h e  West Fork f low a t  t h i s  p o i n t ,  which 
would p r o b a b l y  t r i g g e r  d o w n c u t t i n g  in t h e  e n t i r e  d r a i n a g e  n e t  from 
t h i s  p o i n t  t o  t h e  head .
F r e e z e o u t  Creek ( . 2 9 8 ; 1833 h a . ) .  F r e e z e o u t  Creek is  a 
s p a r s e l y  f o r e s t e d  d r a i n a g e  u n d e r l a i n  by PreCambr ian metamorph i cs  and 
T e r t i a r y  t u f f a c e o u s  s e d i m e n t s .  G r a s s l a n d  v e g e t a t i o n  i s  p r e s e n t l y  
h e a l t h y  w i t h  90% o r  g r e a t e r  c o v e r ,  p r o b a b l y  due t o  a l i g h t  g r a z i n g  
p r e s s u r e ,  a h i gh  mean annual  p r e c i p i t a t i o n  (27 . 33  i n . ,  6 9 . 4  cm.) and 
r e c e n t  s p r a y i n g  w i t h  t h e  h e r b i c i d e  2-4D,  which a c t s  as  a growth 
s t i m u l a n t  in low c o n c e n t r a t i o n s  t o  many p l a n t  s p e c i e s  (Demeule,  
p e r s o n a l  c ommuni ca t i on ,  1971) .
Runof f  peaks  in t h i s  s u b d r a i n a g e  a r e  h igh  d u r i n g  s p r i n g  snowmel t  
b e c a u s e  o f  a u n i f o r m  s o u t h e r n  e x p o s u r e ,  a h igh  r e l a t i v e  d r a i n a g e  d e n s i t y  
( 3 . 5  m i l e  c h a n n e l s /  mi ) and t h e  n e a r  c i r c u l a r  shape  o f  t h e  d r a i n a g e  
b a s i n .  F i v e  hundred  e i g h t e e n  a c r e s  (210 h a . )  o f  c l e a r c u t s  in t h e  
b a s i n  may have i n c r e a s e d  t h e  r u n o f f  p e a k s .  Un l i ke  t he  o t h e r  c l e a r c u t  
a r e a s ,  t h i s  c l e a r c u t  p o r t i o n  o f  t h e  F r e e z e o u t  Creek  d r a i n a g e  is  u n d e r ­
l a i n  by t u f f a c e o u s  s e d i m e n t s  which have a low p e r m e a b i l i t y  and a r e  
e a s i l y  e r o d e d .  V e g e t a t i o n  has  no t  been r e s t o r e d  o v e r  some o f  t h i s  a r e a .
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and r i l l  c h a n n e l s  have formed.  The p eake dnes s  o f  s p r i n g  r u n o f f  is 
a p r i m a r y  f a c t o r  in t h e  s e d i m e n t  y i e l d  o f  F r e e z e o u t  Creek ,  s i n c e  
channe l  impingement  by s o l i f l u c t i o n  and s o i l  c r e e p  c a u s es  bank 
e r o s i o n  d u r i n g  h i gh  f l ows  ( P l a t e  17) .
P l a t e  17. S t r eambank  e r o s i o n  a l ong  F r e e z e o u t  Creek.
Me r id i an  Creek ( . 2 5 7 :  1228 h a . ) .  F i g u r e  7 shows t h a t  t h i s  
s u b d r a i n a g e  has  t h e  h i g h e s t  r a t e  o f  e r o s i o n  f o r  a g i ven  ma gn i t ude  o f  
r u n o f f .  The r e a s o n  f o r  i t s  mo d e r a t e  annual  s ed i men t  y i e l d  is  t h a t  a 
d e n s e  f o r e s t  c o v e r s  a l l  bu t  a minor  p o r t i o n  o f  t h e  s u b d r a i n a g e ,  t hus  
p r omot i ng  h igh  i n f i l t r a t i o n  r a t e s  and r e d uc i n g  r u n o f f .  S t i l l ,  t he  
a r e a  i s  p o t e n t i a l l y  h i g h l y  e r o d i b l e ,  s i n c e  i t  has  t he  l a r g e s t  d r a i n a g e  
d e n s i t y  ( 4 . 5/m I 1e c h a n n e l /  mi ) and i s  u n d e r l a i n  e n t i r e l y  by t u f f a c e o u s  
s e d i m e n t  and s l i d e  b r e c c i a .  Any d i s t u r b a n c e  o f  t h e  f o r e s t  c o v e r  or  
s o i l  s h o u l d  g r e a t l y  i n c r e a s e  t h e  s e d i me n t  y i e l d  o f  t h i s  s u b d r a i n a g e .
The low o b s e r v e d  r u n o f f  r a t e s  o f  t h i s  d r a i n a g e  c o n t r a d i c t s  
t h e  h i gh  r u n o f f  r a t e s  one would e x p e c t  from a ca t chme n t  hav i ng  such a
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h i g h  d r a i n a g e  d e n s i t y .  Li ke  most  o f  t h e  s o u t h e a s t  s i d e  o f  t h e  lower 
West  Fork  V a l l e y ,  t h e  Me r id i a n  Creek  d r a i n a g e  is t h e  s i t e  o f  one o r  
more l a r g e  l a n d s l i d e s .  S h o r t l y  a f t e r  t h e  s l i d e s ,  t h e  p r e s e n t  dense  
d r a i n a g e  n e t  may have  been s u p e r p o s e d ,  b e c a u s e  t h e  impermeable t u f f  is 
v e r y  e r o d i b l e  and i nduces  h igh  r a t e s  o f  r u n o f f .  As t ime  p a s s e d ,  a
f o r e s t  s l o w l y  began to  e s t a b l i s h  i t s e l f  o v e r  t h e  e n t i r e  d r a i n a g e  and
c o n s e q u e n t l y  r u n o f f  and e r o s i o n  p r o ba b l y  d e c r e a s e d .  Today t h e  f o r e s t  
c o v e r  i s  de n s e  and r u n o f f  r a t e s  a r e  low. The a r t i c u l a t e  d r a i n a g e  n e t  
i s  t h e r e f o r e  p r o b a b l y  r e l e c t ,  and does not  r e f l e c t  t h e  c u r r e n t  r u n o f f  
c h a r a c t e r i s t i c s  o f  t h i s  d r a i n a g e .
West  Fork above  Lobo Creek ( . 2 2 1 :  12,300 h a . ) .  From t h e  c o n f l u ­
ence  o f  F o s s i l  Creek t o  t h i s  p o i n t ,  t h e  West Fork f lows th rough
r e s i s t a n t  P a l e o z o i c  r o c k s .  The v a l l e y  o f  t h e  West Fork h e r e  i s  a r ocky ,  
f o r e s t e d  canyon .  L i t t l e  s t r e a mba nk  e r o s i o n  a p p e a r s  t o  t a k e  p l a c e ,  
nor  a r e  t h e r e  any s e d i m e n t  t r a p s .  T h e r e f o r e ,  t h e  sed i men t  y i e l d  o f  
t h e  West  Fork a t  t h i s  p o i n t  s hou l d  r e f l e c t  t h e  sum o f  t h e  c o n t r i b u t i o n s  
o f  u p s t r e a m  t r i b u t a r i e s  and o v e r l a n d  f low i n t o  t h e  West Fork.
S i n c e  46% o f  t h e  d r a i n a g e  a r e a  o f  t h e  West  Fork above Lobo 
Creek  (5650 h a . )  i n c l u d i n g  t h e  d r a i n a g e s  o f  F o s s i l  Creek ,  Buford 
C r ee k ,  and t h e  upper  West  Fo r k ,  c o n t r i b u t e s  an e s t i m a t e d  70% o f  t h e  
s ed i m e n t  y i e l d  o f  t h e  West  Fork above Lobo Creek ,  t he  r u n o f f  from the  
unmeasured  t r i b u t a r i e s ,  i n c l u d i n g  Cascade  Creek and P o r t a l  Creek 
(2170  h a . ) ,  most  c o n t r i b u t e  a smal l  r e l a t i v e  amount  t o  t h e  s ed i men t  
y i e l d  o f  t h e  West  Fork above  Lobo Creek .  Th i s  i s  a t t r i b u t a b l e  a t  l e a s t  
in p a r t  t o  t h e  r e s i s t a n t  b e d r oc k  and t h e  f o r e s t  c ove r  in t h o s e  
s u b d r a  i n a g e s .
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F o s s i l  Creek  ( . 2 1 9 :  1681 h a . ) .  The r e l a t i v e  c o n t r i b u t i o n  from 
F o s s i l  Creek  i s  lower  t han  i s  e x p e c t e d  f rom f i e l d  o b s e r v a t i o n s  o f  t h i s  
s u b d r a i n a g e .  The upper  b a s i n  o f  F o s s i l  Creek i s  u n d e r l a i n  by non-  
r e s i s t a n t  Mesozo ic  b e d r oc k  which a p p e a r s  t o  be r a p i d l y  e r o d i n g  as  a 
r e s u l t  o f  g r a z i n g  p r e s s u r e  and ni v a t  ion.  ( L a t e - a b l a t i n g  snow banks 
f i l l i n g  f u l l i e s  ( P l a t e  18) p r e v e n t  v e g e t a t i o n  i n v a s i o n  o f  b a r e  g u l l y  
w a l l s  b e c a u s e  o f  t h e  s h o r t e n i n g  o f  t h e  growing s e a s o n . )  G u l l i e s  and 
s p a r s e l y  v e g e t a t e d  h i l l  s l o p e s  a r e  common. Downst ream,  F o s s i l  Creek 
f l ows  t h r o u gh  a f o r e s t e d  canyon ,  where  one would e x p e c t  l i t t l e  s ed i men t  
t o  be d e r i v e d .
P l a t e  18. S n o w - f i l l e d  g u l l i e s  in t h e  upper  F o s s i l  Creek 
d r a i n a g e  in midsummer.
S e d i m e n t - d i s c h a r g e  d a t a  f o r  F o s s i l  Creek a r e  s p a r s e  and t h e  
e v a l u a t i o n  o f  i t s  s ed i m e n t  y i e l d  may change  w i t h  t h e  a c q u i s i t i o n  o f  
new d a t a .  A s uspe nde d  s ed i m e n t  c o n c e n t r a t i o n  o f  660 ppm, t h e  second 
h i g h e s t  c o n c e n t r a t i o n  e v e r  r e c o r d e d  in t h e  West Fork d r a i n a g e ,  was
53
me asu r e d  a t  t h e  mouth o f  F o s s i l  Creek  on J un e  13, 1971.  U n f o r t u n a t e l y ,  
t h i s  datum c a n n o t  be I n c l u d e d  in t h e  e v a l u a t i o n  o f  t h e  sed i men t  y i e l d  
s i n c e  t h e r e  i s  no c o n c u r r e n t  d i s c h a r g e  measurement .
Tepee  Creek  ( . 2 1 9 :  1540 h a . ) .  The d r a i n a g e  of  Tepee Creek is 
l a r g e l y  g r a s s l a n d ,  r e c e i v i n g  t h e  g r e a t e s t  g r a z i n g  p r e s s u r e  in t h e  upper  
p a r t ,  a l t h o u g h  in g e n e r a l ,  g r a z i n g  p r e s s u r e  in most  o f  t h i s  s u b d r a i n a g e  
a p p e a r s  t o  be m o d e r a t e .  The mode ra t e  s ed i men t  y i e l d  i s  p r ob a b l y  due 
in p a r t  t o  t h e  u n d e r l y i n g  b e d r o c k ,  T e r t i a r y  b a s a l t  and PreCambrian 
m e t a m o r p h i c s ,  and t o  t h e  l i n e a r i t y  o f  t h e  s u b d r a i n a g e ,  which may r educe  
t h e  p o t e n t i a l  d i s c h a r g e  pe a ks .
Soap Creek  ( . 1 3 5 :  1397 h a . ) .  F o r e s t  c o v e r  and u n d e r l y i n g  r e s i s ­
t a n t  b e d ro c k  ( T e r t i a r y  b a s a l t )  e x p l a i n  t h e  low sed i men t  y i e l d  o f  Soap 
Creek .  Runof f  r a t e s  a p p e a r  t o  be low due t o  t h e  a b s en ce  o f  a w e l l -  
d e f i n e d  d r a i n a g e  n e t  and to t h e  a p p a r e n t  h igh  p e r m e a b i l i t y  o f  t h i s  
r e g i o n .  The t h r e e  y e a r  o l d ,  9^9 a c r e s  (392 h a . )  o f  c l e a r c u t s  in t h i s  
a r e a  a r e  on g e n t l e  (<10°)  s l o p e s  and a r e  no t  g u l l i e d  o r  armored so 
a p p a r e n t l y  have  n o t  c o n t r i b u t e d  s u b s t a n t i a l l y  t o  t h e  s ed i men t  y i e l d .
A p r i v a t e l y  owned e a r t h  dam impounding Soap Creek n e a r  t h e  c o n f l u e n c e  
w i t h  t h e  West  Fork  has been s u b j e c t  t o  s lumpi ng  and would c a u s e  a 
s e r i o u s  f l o o d i n g  and s e d i m e n t  problem s hou l d  i t  f a i l .
G a z e l l e  Creek  ( . 1 1 9 :  3016 h a . ) .  Li ke  Soap Creek ,  G a z e l l e  Creek 
f l ows  t h r ou g h  a c o m p l e t e l y  f o r e s t e d  b a s i n  u n d e r l a i n  by r e s i s t a n t  b e d r oc k ,  
which in t h i s  c a s e  i s  l a r g e l y  T e r t i a r y  b a s a l t  and P a l e o z o i c  c a r b o n a t e s .
As in t h e  Soap Creek  d r a i n a g e ,  h i gh  p e r m e a b i l i t y  c o n t r i b u t e s  t o  t h e  low 
r u n o f f  r a t e  o f  G a z e l l e  Creek  which is  r e f l e c t e d  in a low d r a i n a g e  
d e n s i t y .  Seven hundred  f o r t y - e i g h t  a c r e s  (303 h a . )  o f  c l e a r c u t s  c u t  in
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1964 and 19&7 a r e  a g a i n  on g e n t l e  s l o p e s .  The l i n e a r i t y  o f  t h e  b a s i n  
a l s o  may h e l p  t o  p r e v e n t  h i g h  peak d i s c h a r g e s  and s u b s e q u e n t  h igh 
s e d i m e n t  y i e l d s .
El k  R i v e r  ( . 0 9 6 :  989O h a . ) .  The c o u r s e  o f  Elk R i v e r ,  which is 
m o s t l y  t h r o ug h  a s t e e p ,  f o r e s t e d  canyon ( P l a t e  19) ,  p a s s e s  th rough  t h e  
e n t i r e  s t r a t i g r a p h i e  s e c t i o n  ( s e e  l e g e n d ,  P l a t e  2 ) .  The b r oa d ,  g r a s s y  
b a s i n  a t  t h e  head ( P l a t e  2 0 ) ,  u n d e r l a i n  by s o f t  Mesozoic  s t r a t a ,  has 
been s u b j e c t  t o  c o n s i d e r a b l e  l o n g - t e r m  g r a z i n g  p r e s s u r e .  Many 
l o c a l i z e d  a r e a s ,  i n c l u d i n g  t h e  h e a d w a t e r s  o f  B a r n e t t  Creek ,  Monument 
H i l l ,  and many o f  t h e  h i l l s l o p e s  n o r t h  o f  Elk R i v e r ,  have s u f f e r e d  
c o n s i d e r a b l e  damage,  as  seen  in d i s c o n t i n u o u s  g u l l i e s  and a r e a s  o f  
b a r e  s o i l ,  a s  w e l l  as  p e d e s t a l  l e d ,  p e r e n i a l  g r a s s  t u s s o c k s .  N i v a t  ion 
a l s o  a p p e a r s  t o  p l a y  an i m p o r t a n t  p a r t  in e r o s i o n  o f  t h e  s o u t h w e s t e r n  
up l a n d  p o r t i o n  o f  Elk  R i v e r  B a s i n ,  as  s een  in t h e  l a t e  a b l a t i n g  snow 
banks  o v e r l y i n g  s p a r s e l y  v e g e t a t e d  g u l l i e s .
. :
P l a t e  19 . El k  R i v e r  Canyon,  t y p i c a l  o f  t h e  s t e e p - s i d e d ,  
f o r e s t e d  t r i b u t a r y  v a l l e y s  u n d e r l a i n  by P a l e o z o i c  b ed r oc k .
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P l a t e  20.  Elk R i v e r  B a s i n ,  t y p i c a l  o f  t h e  b r oa d ,  g e n t l y  
s l o p i n g ,  g r a s s  p a r k l a n d s  n e a r  t h e  s o u t h e r n  c r e s t  o f  t he  
Gravel  1 y Range .
In s p i t e  o f  t h e s e  e r o d i b l e  a r e a s ,  t h e  sed i men t  y i e l d  o f  Elk 
R i v e r  a t  i t s  mouth r emains  low, due l a r g e l y  t o  t h e  sed i men t  t r a p  
n e a r  i t s  c o n f l u e n c e  w i t h  Hel l  r o a r i n g  Creek ( P l a t e  2 1 ) .  The a u t h o r  
o b s e r v e d  t h i s  a r e a  f rom t h e  a i r  d g r i n g  t h e  peak f low p e r i o d  o f  J une ,  
1971.  Flow v e l o c i t y  in t h e  t r a p  was ve ry  low, and t he  r i v e r  had 
f l o o d e d  t h e  e n t i r e  a r e a .  I t  was c o n c e i v a b l e  t h a t  much o f  t h e  
s e d i m e n t  c a r r i e d  t o  t h i s  t r a p  would be d e p o s i t e d .  Dgta from t h e  a e r i a l  
i n f r a r e d  p h o t o g r a p h i c  s u r v e y  show t h a t  s uspended  s ed i men t  c o n c e n t r a t i o n  
f a l l s  t h r ou gh  t h e  s ed i me n t  t r a p  (Rosgen,  p e r s o n a l  communica t ion ,  1972) 
The i mp i ng i ng  rock  g l a c i e r  which forms t h i s  t r a p  is  an impor­
t a n t  s o u r c e  o f  t r a c t i v e  s e d i m e n t ,  as  s een  in t h e  e f f e c t  on t h e  s t r e a m  
p r o f i l e  ( F i g .  1) and in t h e  u n s t a b l e  banks o f  c o a r s e  d e b r i s  where  Elk 
R i v e r  c u t s  t h ro u gh  t h e  rock  g l a c i e r  ( P l a t e  22 ) .
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P l a t e  21.  Elk R i v e r  s e d i me n t  t r a p .
• -  *v “  ^
P l a t e  22.  E r os i o n  o f  t h e  nose  o f  a rock g l a c i e r  by Elk 
R i v e r  below t h e  s ed i me n t  t r a p .
The d r a i n a g e  a r e a  below t h e  rock  g l a c i e r ,  which i s  mos t l y  
f o r e s t e d  and u n d e r l a i n  by P a l e o z o i c  and PreCambrian s t r a t a ,  p r ob ab ly  
c o n t r i b u t e s  l i t t l e  t o  t h e  s e d i m e n t  y i e l d .  P e r m e a b i l i t y  i s  h igh  and 
t h e  d r a i n a g e  ne t wor k  i s  no t  we l l  i n t e g r a t e d .
C h a p te r  5
HYDRODYNAMIC EQUILIBRIUM OF THE WEST FORK
The d r a i n a g e  o f  t h e  West Fork Is In a s t a t e  o f  hydrodynamic 
d i s e q u i l i b r i u m ,  m a n i f e s t e d  by a c t i v e l y  c ha ng i ng  h y d r a u l i c  geomet ry  
S p e c i f i c a l l y ,  t h e r e  i s  a c ha n g i ng  w i d t h  t o  dep t h  r a t i o ,  - -  a widen i ng  
o f  t h e  channe l  o f  t h e  main s t em o f  t h e  West Fork below Landon Camp,
As shown by t h e  d a t a  (Tab l e  4) t h e r e  is  a n e t  l o s s  o f  bank m a t e r i a l  
f rom t h e  lower  West  Fork  channe l  which is  r e s p o n s i b l e  f o r  r oughly  
h a l f  o f  t h e  s u sp e n d e d  s ed i m e n t  y i e l d  o f  t h e  West Fork where i t  
e n t e r s  t h e  Madison R i v e r .
The c a u s e  o f  t h i s  d i s e q u i l i b r i u m  in channe l  geomet ry  is a 
change  in t h e  r a t e  and q u a n t i t y  o f  o v e r l a n d  f low r u n o f f ,  which 
a p p a r e n t l y  has  come a b o u t  s i n c e  t h e  a d v e n t  o f  sheep  g r a z i n g  a l ong  
t h e  c r e s t  o f  t h e  G r a v e l l y  Range In t h e  l a t t e r  p a r t  o f  t h e  n i n e t e e n t h  
c e n t u r y .  P a s t  g r a z i n g  p r e s s u r e  is r e s p o n s i b l e  f o r  v e g e t a t i o n  
d e s t r u c t i o n  and s u b s e q u e n t  r e d u c t i o n  o f  t h e  i n f i l t r a t i o n  r a t e ,  which 
in t u r n  has  i n c r e a s e d  t h e  r u n o f f  r a t e .  Cont i nued  sheep  g r a z i n g  
p r e v e n t s  t h e  d r a i n a g e  f rom r e t u r n i n g  t o  i t s  former  e q u i l i b r i u m  s t a t e .  
I n c r e a s e  in Channel  Width
The mean annual  r ange  o f  channe l  wi den i ng  o f  t h e  West Fork is 
c a l c u l a t e d .  Assumpt i ons  a r e :
1, T h e r e  i s  an a v e r a g e  annual  n e t  l o s s  o f  5008 t ons  o f  gauged 
suspe nded  load m a t e r i a l  f rom t h e  s t r eambanks  o f  t h e  West 
Fork below Landon Camp ( f o r  y e a r s  1967-1970) .
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2.  The d e n s i t y  o f  bank m a t e r i a l  is  112 to  162 I b . / f t . ^  or
1. 8  t o  2 . 6  g m. / cm. ^  ( d e n s i t y  o f  c l a y ) .
3.  The a v e r a g e  h e i g h t  o f  t h e  banks Is 4 . 5  f e e t .
4.  The l e n g t h  o f  t h e  r each  be i ng  e roded  Is 19 m i l e s .
The e s t f m a t f o n  o f  t h e  i n c r e a s e  in w i d t h  r anges  from
A w = 5008  T. X 17_»_86 f t . ^  1 1 = .198  f t .
T.  ^  19 ( 5280 ) f t .  ^  4 . 5  f t .
“ 2 . 3 8  t n . -  6 . 0 4  cm.
to ,
A w = 5008  T. X 12.35  f t . ^  1 I = . 137  f t .
T. ^ 1 9 (5 28 0) f t .  ^  4 . 5  f t .
= 1 . 64  in .  = 4 . 1 8  cm.
A mean v a l u e  f o r  annua l  channe l  w i de n i ng  is abou t  5 cm. Thi s
f a l l s  w i t h i n  t h e  r ange  o f  v a l u e s  f o r  s t r eambank  e r o s i o n  as  seen in 
t h e  n a i l  d a t a .
Tha l a r g e s t  s o u r c e  o f  e r r o r  l i e s  in t h e  c o mpu t a t i on  o f  tons  
o f  m a t e r i a l  e r od e d  f rom t h e  banks .  E r r o r  in t h i s  compu t a t i on  l i e s  in 
t h e  d e r i v e d  s e d i m e n t - d i s c h a r g e  r e l a t i o n s h i p s  and in t he  s y n t h e s i z e d  
h y d r o g r a p h s .  Th i s  v a l u e  may a l s o  be a d j u s t e d  t o  d i f f e r e n t  e s t i m a t e s  
o f  a v e r a g e  bank h e i g h t .
I n c r e a s e  in w i d t h  t o  dep t h  r a t i o  Is no t  un i f o r m a l ong  the  
a f f e c t e d  r e a c h .  Rocky s t r e a m b a n k s  would no t  be e x p ec t e d  t o  e r od e  as 
r a p i d l y  as s i l t  s t r e a m b a n k s .  S t r a i g h t  r e a c h e s  w i t h  s e v e r e l y  u n d e r c u t  
banks  on bo th  s i d e s  a r e  no t  common ( s ee  P l a t e  23 ) .  More common,
however ,  a r e  r e a c h e s  where  one bank is s e v e r e l y  u n de r cu t  and t h e  o t h e r
shows l i t t l e  o r  no a c c r e t i o n .  In meande r i ng  r e a c h e s ,  wi den i ng  may 
be a c c o m p l i s h e d  by e r o s i o n  a t  t h e  o u t s i d e  o f  meander  bends w i t h o u t  
c o n c u r r e n t  equa l  d e p o s i t i o n  on p o i n t  b a r s .  T a b l e  5 and P l a t e s  II and
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P l a t e  2 3 . S t r eambank e r o s i o n  on both  banks o f  a r eac h  o f  
t h e  Lower West Fork.
12 g i v e  a f i r s t  a p p r o x i m a t i o n  o f  t he  r ange  o f  s t r eambank  e r o s i o n ,  
a l t h o u g h  i t  must  be remembered t h a t  t h e s e  v a l u e s  do no t  n e c e s s a r i l y  
r e p r e s e n t  i n c r e a s e  in w i d t h .
Wa t e r s hed  C o n d i t i o n s
Wi t hou t  documents  o r  p h o t o g r a p h s ,  one can on l y  use  g e o l o g i c  
i n d i c a t o r s  t o  e s t i m a t e  t h e  c o n d i t i o n s  o f  t h e  s o u t h e r n  c r e s t  o f  t h e  
G r a v e l l y  Range b e f o r e  and a f t e r  t h e  heavy g r a z i n g  p e r i o d  around  t he  
t u r n  o f  t h e  t w e n t i e t h  c e n t u r y .  Old t i m e r s  o f  t h e  a r e a  p a i n t  a 
p i c t u r e  o f  " d u s t  bowl"  c o n d i t i o n s  (George B u t l e r ,  p e r s o n a l  communi­
c a t i o n ,  1971) .  The a s s e s s m e n t  o f  how t h e  p r e s e n t  c o n d i t i o n  compares  
w i t h  t h a t  b e f o r e  t h e  coming o f  w h i t e  s e t t l e r s  and t h a t  d u r i n g  t he  
p e r i o d  o f  h e a v i e s t  g r a z i n g  p r e s s u r e  i s  i m p o r t a n t  in a s s e s s i n g  t h e  
hydrodynami c  e q u i l i b r i u m  o f  t h e  w a t e r s h e d  and in e s t a b l i s h i n g  c r i t e r i a  
f o r  l and  management .
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The c o n d i t i o n  o f  t h e  v e g e t a t i o n  and s o i l  o f  t h e  West Fork 
w a t e r s h e d  i s  h i g h l y  c o r r e l a t i v e  w i t h  r u n o f f  r a t e s  and r a t e s  o f  e r o s i o n  
and s e d i m e n t  y i e l d s .  In g e n e r a l ,  t he  h i g h e r  (>8000,  2440 m.) p o r t i o n  
o f  t h e  d r a i n a g e  a r e a  shows v e g e t a t i o n  and s o i l  c o n d i t i o n s  t h a t  a r e  
i n d i c a t i v e  o f  g r e a t e r  r a t e s  o f  r u n o f f  and e r o s i o n  than a r e  found In 
t h e  lower  (<8000 f e e t )  p o r t i o n .  I n d i c a t o r s  o f  e r o s i v e  c o n d i t i o n s  a r e  
s p a r s e ,  p e d e s t a l  l ed  v e g e t a t i o n ,  Wyethia  and r i l l  and g u l l y  c h a n n e l s .
The F o r e s t  S e r v i c e  p r o v i d e s  a s emi quan t  I t a t i v e  a n a l y s i s  o f  t h e s e  
c o n d i t i o n s  w i t h  a w e l g h t e d - c r i t e r l a  index method.
By a method g i ve n  in T a b l e  3^,  t h e  F o r e s t  S e r v i c e  has  r a t e d  
t h e  c o n d i t i o n  and t r e n d  o f  t h e  v e g e t a t i o n  and s o i l  o f  t h e  g r aze d  
p o r t i o n s  o f  t h e  West  Fork w a t e r s h e d .  C o n d i t i o n s  a r e  r a t e d  as 
e x c e l l e n t ,  good,  f a i r ,  p o o r ,  and ve r y  poor ;  t r e n d s  a r e  r a t e d  as  up,  
down, and s t a t i c .  These  r a t i n g s  a r e  r eached  by summing numbers a s s i g n e d  
t o  v e g e t a t i o n  and s o i l  p a r a m e t e r s  which a r e  measured q u a l i t a t i v e l y  o r  
s e mi qu a n t  I t a t i v e l y  in t h e  f i e l d  Paced t r a n s e c t s  g iv e  p o i n t  
e s t i m a t e s  o f  t h e  d i s t r i b u t i o n  o f  p l a n t  t y p e s ,  l i t t e r ,  and b a r e  s o l i .
P l a n t  t y pe s  a r e  c l a s s e d  as  d e s i r a b l e ,  i n t e r m e d i a t e ,  and l e a s t  
d e s i r a b l e ,  t h e  more d e s i r a b l e  p l a n t s  be i ng  more s u s c e p t i b l e  to g r a z i n g  
p r e s s u r e .  Ot he r  v e g e t a t i o n  p a r a m e t e r s  a r e  v i g o r  and p e r e n n i a l  p l a n t  
d e n s i t y .  V e g e t a t i o n  t r e n d  i s  r a t e d  by c o n s i d e r a t i o n  o f  t he  d i s t r i b u t i o n  
o f  age  c l a s s e s ,  t h e  d e g r e e  o f  I n va s io n  o f  b a r e  a r e a s ,  t h e  change in 
l i t t e r  c o v e r ,  and t h e  change  In dominance o f  d e s i r a b l e  p l a n t s .
So i l  c o n d i t i o n  Is r a t e d  by t h e  p e r c e n t a g e  of  b a r e  a r e a  and by 
t h e  c u r r e n t  a p p a r e n t  s o i l  e r o s i o n  r a t e  ( de t e r mi n e d  q u a l i t a t i v e l y  wi th  
a s u b s e t  o f  w e i g h t e d  p a r a m e t e r s ) .  So i l  t r e n d  i s  d e t e r mi n e d  by
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c o n s i d e r a t i o n  o f  t h e  d e g r e e  o f  t r a m p l i n g  by g r a z i n g  a n i m a l s ,  t h e  r a t e  
o f  p e d e s t a l  g r ow t h ,  t h e  d e g r e e  o f  s t a b i l i z a t i o n  o f  g u l l y  and r i l l  
c h a n n e l s ,  and t h e  change  in a r e a  o f  b a r e  s o i l .
T a b l e  6 shows t h e  v e g e t a t i o n  and s o i l  c o n d i t i o n s  and t r e n d s  
in p e r c e n t a g e s  o f  t h e  a r e a  o f  each  g r a z i n g  a l l o t m e n t  and o f  t he  t o t a l  
g r a z e d  a r e a  o f  t h e  West  Fork d r a i n a g e .  These  a r e  l i s t e d  in o r d e r  o f  
r a t i n g s  o f  c o n d i t i o n s .  The h i g h e r  e l e v a t i o n ,  s h e e p - g r a z e d  a r e a  shows 
a l a r g e r  a r e a  hav i ng  lower  r a t i n g s  in compar i son  w i t h  t he  whole g r aze d  
a r e a .
The a u t h o r ' s  f i e l d  o b s e r v a t i o n s  s u p p o r t  t h e  c o n c l u s i o n  drawn 
f rom t h e  F o r e s t  S e r v i c e  a n a l y s i s  t h a t  g r a s s l a n d s  in t h e  h i g h e r  
(>8000 f e e t )  p o r t i o n  o f  t h e  d r a i n a g e  a r e a  a f f o r d  l e s s  s o i l  c o v e r  and 
p r o t e c t i o n  t han  t h e  lower  e l e v a t i o n  p o r t i o n .  A c t i v e l y  e r o d i n g  g u l l i e s ,  
b a r e  s o i l ,  and p e d e s t a l  led p l a n t s  a r e  f a r  more common in t he  h i g h e r  
a r e a  t ha n  t he y  a r e  in t h e  lower  a r e a .  The p r i mary  caus a l  f a c t o r s  in 
t h i s  d i f f e r e n c e  a r e  t h e  s h o r t e r  growing seas on  a t  h i g h e r  e l e v a t i o n s  
and t h e  h i s t o r i c a l l y  g r e a t e r  g r a z i n g  p r e s s u r e  a l ong  t h e  c r e s t  o f  the  
Gravel  I y Range,
W y e t h i a , a p i o n e e r  p l a n t  and an i n d i c a t o r  o f  o v e r g r a z i n g ,  was 
r e c o g n i z e d  a l o n g  t h e  s o u t h e r n  c r e s t  o f  t h e  G r a v e l l y  Range as e a r l y  as 
1937 and i n c r e a s e d  in abundance  u n t i l  1959,  when i t  was s p r a ye d  wi t h  
2-4D.  Two t o  f i v e  y e a r s  a f t e r w a r d s ,  t h e  s p r ay e d  a r e a  r e c e i v e d  
l i t t l e  o r  no u s e .  S i n c e  s p r a y i n g ,  Wyethia  has become r e - e s t a b l i s h e d  
in much o f  t h e  same a r e a  ( P l a t e  2 4 ) .
6 2
Grazed
A11ot men t Acres Excel  l e n t Good Fai r Poor Ï 1
Eur eka 2 , 802 0 2 6 . 8 4 9 . 7 23 . 6 39.1 8 . 0 53.
Lobo 3 , 1 6 7 - 36. 0 33 . 0 31. 0 67 . 0 6 . 0 27.
Buford 2 , 98 9 0 36 . 9 6 1 . 8 1.3 53 . 3 28 . 8 17.
H e l 1r o a r i  ng 2 ,791 0 3 8 . 7 42 . 0 19.3 25 .0 0 75.
Fox 3 , 666 0 39 . 3 5 9 . 4 1.3 10.9 6 2 . 5 2 6 .,
Cascade 3 , 272 0 , ' 4 3 . 6 46 . 9 9 . 5 33 . 3 33 . 3 33. :
W o l v e r i n e 1 , 760 0 5 0 . 2 4 5 . 5 4 . 3 35.1 0 6 4 . Î
Lyon 2,351 3.1 48 . 5 48 . 4 0 6 1 . 0 2 6 . 7 12 J
P l a c e r 1,400 0 5 2 . 0 4 2 . 0 6 . 0 15.8 74 . 2 10.(
Foss  Î 1 2 , 26 0 10.7 50 . 2 39.0 0 20 . 0 0 80. (
West  Fork 2 2 , 2 1 7 2 7 . 4 48 . 9 2 3 . 2 0 . 5 13.2 6 4 . 6 22. :
B a r n e t t 3 , 190 4 0 . 0 5 0 . 5 9 . 5 ^ 0 100 0 0
TOTAL 5 5 , 2 1 7 10. 7 4 7 . 3 37. 5 5 . 5 32 . 6 39 . 7 31. :
Sheep Grazed 33 , 000 0 . 9 45 . 6 4 5 . 2 8 . 3 43 . 6 21 . 2 35. :
T a b l e  6 .  V e g e t a t i o n  c o n d i t i o n s  and t r e n d s  o f  g r a z i n g  a l l o t m e n t s  o f  t h e  West  Foi 
Data i s  f rom t h e  U.S.  F o r e s t  S e r v i c e .
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P l a t e  2k.  Wyeth la a l o n g  t h e  c r e s t  o f  t h e  G r a v e l l y  Range,  1971
D i s c o n t i n u i t y  In g u l l y  s ys t ems  Is p r e v a l e n t  n e a r  t h e  c r e s t  o f  
t h e  G r a v e l l y  Range ( P l a t e  2 5 ) .  A g u l l y  Is d i s c o n t i n u o u s  when I t s  
channe l  g r a d i e n t  Is l e s s  than  t h e  g r a d i e n t  o f  t h e  h i l l s l o p e .  At 
t h i s  p o i n t  where  t h e  p r o f i l e  o f  t he  g u l l y  I n t e r s e c t s  t he  s t e e p e r  
p r o f i l e  o f  t h e  h i l l s l o p e ,  t h e  g u l l y  ends In an a l l u v i a l  f an .  As t he  
head o f  a g u l l y  a dvanc es  and e n c r o a c h e s  on t h e  a l l u v i a l  fan o f  a 
h i g h e r  g u l l y ,  t h e  two g u l l i e s  soon c o a l l e s c e .  in t h i s  manner ,  a 
s e r i e s  o f  d i s c o n t i n u o u s  g u l l i e s  may merge i n t o  one c o n t i n u o us  one.  
Le opo l d ,  e t  a l .  (1964) r e c o g n i z e d  t h e  p r e s e n c e  o f  d i s c o n t i n u o u s  
g u l l i e s  as  a c h a r a c t e r i s t i c  o f  new g u l l y  s y s t e m s .  New g u l l y  sys t ems  
may be a s i g n  o f  hydrodynami c  d i s e q u i l i b r i u m  o f  a h i l l s l o p e .
Monument H i l l ,  t h e  s i t e  o f  a F o r e s t  S e r v i c e  w a t e r s h ed  
p r o j e c t  (U.S.  F o r e s t  S e r v i c e ,  1962-1964) ,  p r o v i d e s  a documented 
c a s e  h i s t o r y  o f  t h e  h y d r o l o g i e  e f f e c t s  o f  o v e r g r a z i n g  on h igh  s l o p e s  
In t h e  G r a v e l l y  Range and t h e  c a p a c i t y  f o r  r e c o v e r y  o f  v e g e t a t i o n
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P l a t e  2 5 . D i s c o n t i n u o u s  g u l l y .  The g r a s s y  t e r r a c e  In t h e  
f o r e g r o u n d  i s  t h e  a r e a  where  t h e  g u l l y  above d i s c o n t i n u e s .  Ano t he r  
g u l l y  e r o d e s  headward f rom below t h e  b r ea k  in s l o p e  seen beyond 
t h e  g r a s s y  t e r r a c e .
c o v e r .  As t h e  h i g h e s t  p o i n t  in a l a r g e  g r a s s l a n d  a r e a ,  t h e  h i l l  
was f a v o r e d  as  bedd i ng  ground by sheep  and r e c e i v e d  heavy damage 
u n t i l  1948,  when i t  was c l o s e d  t o  g r a z i n g .  A c t i v e  g u l l y i n g ,  s p a r s e  
v e g e t a t i o n ,  and l a r g e  s e d i m e n t  y i e l d s  were  symptoms o f  a d e t e r i o r ­
a t e d  w a t e r s h e d .  By 1962,  n a t u r a l  r ec o v e r y  had p r o g r e s s e d  o n l y  very  
s l o w l y .  From 1962 t o  1964,  t h e  F o r e s t  S e r v i c e  b u i l t  c o n t o u r  
t e r r a c e s  and dams,  s e e d e d ,  and f e r t i l i z e d  on Monument H i l l ,  f o r  a 
t o t a l  e x p e n d i t u r e  o f  $ 4 8 , 974 .  S i n ce  t h e n ,  r ec o ve ry  has been h igh  on 
t h e  lower  s l o p e s ,  as  shown by ve ry  dense  co v e r  and i n v a s i o n  o f  g u l l y  
b a n k s ,  bu t  low on t h e  upper  s l o p e s  which remain e s s e n t i a l l y  b a r e  in 
many a r e a s .  The v a r i a t i o n s  in r e c o v e r y  can b e s t  be c o r r e l a t e d  w i t h  
u n d e r l y i n g  b e d r o c k ;  t h e  lower  s l o p e s  a r e  u n d e r l a i n  by t h e  Woodside 
F o r m a t i o n ,  a v a r i e g a t e d  s h a l e  o v e r l a i n  by a s h a l l o w ,  impermeable s o i l
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P l a t e  2 shows t h a t  much o f  t h e  uppe r  b a s i n s  a r e  u n d e r l a i n  by t h e  
v a r i e g a t e d  s h a l e ,  which a p p e a r s  in P l a t e  26.
P l a t e  26.  V a r i e g a t e d  s h a l e ,  s i m i l a r  t o  t h a t  u n d e r l y i n g  
Monument H i l l ,  exposed  in Eureka Bas in .
On Monument Ri dge ,  n o r t h  o f  Black B u t t e ,  64 i n f i 1t r o m e t e r  
p l o t s  were  s e t  up by t h e  F o r e s t  S e r v i c e  t o  c o r r e l a t e  r u n o f f  c h a r a c ­
t e r i s t i c s  w i t h  s l o p e  c o n d i t i o n s .  T h i r t y  mi nu t es  o f  s i m u l a t e d
r a i n  a t  i n t e n s i t i e s  o f  a b o u t  5 i n c h e s / h o u r  (1 2 . 7  c m . / h r . )  was a p p l i e d
2
t o  each  p l o t ,  me a s u r i ng  20 x 30 1/2 i nches  (1550 cm. ) .  Measurements  
were  made o f  p l o t  r u n o f f ,  s ed i m e n t  y i e l d ,  p l a n t  and l i t t e r  cove r  
d e n s i t y ,  w e i g h t  o f  v e g e t a t i o n  and l i t t e r ,  and bu l k  d e n s i t y  o f  t h e  
s o i l .  C o r r e l a t i o n  t e s t s  were  then  run ( U . S . F . S . ,  1964) .  Sediment  
y i e l d  i s  most  h i g h l y  c o r r e l a t e d  w i t h  p e r c e n t a g e  of  b a r e  s o i l  
( r  = - 0 . 76 ) ;  r u n o f f  c o r r e l a t e s  w i t h  d e n s i t y  o f  t he  s o i l  ( r  = - O . 63 ) .  
Thus a b a r e ,  compac ted  s o i l  i s  most  c o nd u c i ve  t o  h igh r a t e s  o f  
r u n o f f  and e r o s i o n .  I n t e r p o l a t i o n  o f  t h e s e  f i n d i n g s  t o  t h e  r e s t  o f  
t h e  h i g h l a n d  g r a s s l a n d s  in t h e  West  Fork d r a i n a g e  i s  v a l i d ,  s i n c e
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t h r o u g h o u t  t h i s  a r e a ,  p h y s i o g r a p h i c  c o n d i t i o n s ,  s o i l s ,  and g r a z i n g  
h i s t o r y  a r e  n e a r l y  t h e  same.
Sheep Gr az i ng
D i s c u s s i o n  h e r e  is  l i m i t e d  t o  s h ee p ,  s i n c e  t h i s  has been 
t h e  o n l y  g r a z i n g  animal  t o  e x t e n s i v e l y  use  t h e  s o u t h e r n  c r e s t  o f  t he  
G r a v e l l y  Range.  The a u t h o r  does  no t  n e c e s s a r i l y  s u g g e s t  t h a t  con ­
d i t i o n s  would be d i f f e r e n t  had c a t t l e  been t h e  p r i mar y  g r a z i n g  a n i ma l .
The F o r e s t  S e r v i c e  s e t s  and e n f o r c e s  g r a z i n g  r e g u l a t i o n s .
An e s t i m a t e  o f  t h e  g r a z i n g  c a p a c i t y  o f  each a l l o t m e n t  i s  made by 
c o n s i d e r i n g  t h e  i n d i v i d u a l  growing sea son  and v e g e t a t i o n  c o n d i t i o n  
b e f o r e  a r r i v i n g  a t  a number o f  a n i m a l s  pe r  a c r e  and a p e r i o d  o f  
g r a z i n g  t h a t  t h e  a l l o t m e n t  can s u s t a i n .  Ta b l e  7 shows t he  p as t  
and p r e s e n t  g r a z i n g  r a t e s  and t h e  c a l c u l a t e d  c a p a c i t y  f o r  each 
a l l o t m e n t .  Four  o f  t h e  a l l o t m e n t s ,  o r  36% o f  t h e  a r e a ,  a r e  a p p a r e n t l y  
o v e r s t o c k e d  as  o f  1971°
In a d d i t i o n ,  h e r d e r s  a r e  r e q u i r e d  t o  move t h e i r  bands 
f r e q u e n t l y  so  t h a t  no one a r e a  w i t h i n  t h e  a l l o t m e n t  is  e x t e n s i v e l y  
damaged.  The e x t e n t  t o  which g r a z i n g  r e g u l a t i o n s  a r e  f o l l owed  
v a r i e s  f rom h e r d e r  t o  h e r d e r ,  and o f t e n  r e f l e c t s  t he  c o n s i d e r a t i o n  
in pay and p r o v i s i o n s  g i v e n  t h e  h e r d e r  by h i s  employer .  In c o n s i d e r ­
a t i o n  o f  t h e  b e h a v i o r  o f  g r a z i n g  s h ee p ,  t h i s  i s  h i g h l y  c r i t i c a l  t o  
t h e  c o n d i t i o n  t h a t  t h e  he rd  l e a v e s  t h e  a l l o t m e n t  a t  t he  end o f  the  
g r a z i n g  s e a s o n .
The f o l l o w i n g  d e s c r i p t i o n  o f  t h e  b e h a v i o r  o f  g r a z i n g  sheep  
Is drawn f rom p e r s o n a l  o b s e r v a t i o n  and from c o n v e r s a t i o n s  w i t h  Tom 
C l i n t o n ,  an e x p e r i e n c e d  West  Fork s heep  h e r d e r .  Sheep p r e f e r  t o  g r a z e  
on s t e e p  s l o p e s  and t o  bed on l o c a l  p r o mi ne n c e s .  Unless  moved,  they
ALLOTMENT GRAZING RATE 
( a c r e / s h e e p - m o . )
CAPACITY 
( a c r e / s h e e p - m o . )
Wo l ve r in e .812 — —
B a r n e t t 1 .09 — —
E u r e k a - P l a c e r — — — —
Fox 1.27 2 . 08
Lyon 0 . 9 0 3 1.52
Lobo 1.32 1.73
He 11 r o a r i n g 0 . 8 2 1.73
Foss  I 1 0 . 9 4 0 . 94
Cascade 1.96 1.56
Buford 1.63 1.56
T a b l e  7.  Gr az i n g  r a t e s  and c a p a c i t i e s  o f  sh e e p  g r a z i n g  a l l o t m e n t s ,  
uppe r  West  Fork d r a i n a g e .
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t e n d  t o  remain  In t h e  same a r e a  u n t i l  f o r a g e  Is gone.  As f o r a g e  
becomes s p a r s e ,  s heep  t e nd  t o  move r e s t l e s s l y  as  a group in s e a r c h  
o f  new f o r a g e .
Al l  o f  t h e  above  c h a r a c t e r i s t i c s  promote  v e g e t a t i o n  damage 
and h i l l s l o p e  e r o s i o n ,  and an i m p o r t a n t  f u n c t i o n  o f  t he  h e r d e r  is t o  
c o u n t e r a c t  d e t r i m e n t a l  g r a z i n g  t e n d e n c i e s .  P r e f e r r e d  bedd i ng  and 
g r a z i n g  s i t e s  c o r r e s p o n d  t o  a r e a s  most  h y d r o l o g i c a 1ly s u s c e p t i b l e  t o  
i n c r e a s e d  r a t e s  o f  e r o s i o n  and r u n o f f .  R e s t l e s s  t r a m p l i n g  when 
f o r a g e  i s  gone compounds t h e  damage done by t h e  t endency  t o  remain 
in t h e  same g e n e r a l  a r e a .  L a s t l y ,  sheep  p r e v e n t  r e v e g e t a t i o n  o f  g u l l y  
w a l l s  and bo t t oms  by t h e i r  t e ndency  t o  f r e q u e n t  t h e s e  s i t e s .
Recen t  H y d r o l o g i e  H i s t o r y  o f  t h e  West Fork
The f o l l o w i n g  is  t aken  from o b s e r v a t i o n s  o f  t h e  p r e s e n t  
h y d r o l o g i e  regime and f rom h i s t o r i c a l  r e c o rd s  o f  t h e  West Fork:
Be f o r e  t h e  coming o f  t he  g r e a t  sheep he rds  o f  t h e  l a t t e r  p a r t  
o f  t h e  n i n e t e e n t h  c e n t u r y ,  t h e  g r a s s  p a r k l a n d s  o f  t h e  West Fork 
r e p r e s e n t e d  a s t a b l e  h y d r o l o g i e  and é c o l o g i e  regime.  Sediment  y i e l d s  
were  n a t u r a l l y  h i g h e r  than  a r e a s  u n d e r l a i n  by l e s s  e r o d l b l e  bedrock  
u n i t s .  Ni v a t  ion a l s o  enhanced  t h e  e r o d i b i l i t y  o f  t h i s  a r e a .
The l a r g e  t r a i l i n g  sheep  he r ds  o f  t he  l a t e  n i n e t e e n t h  and 
e a r l y  t w e n t i e t h  c e n t u r i e s  u p s e t  t h e  h y d r o l o g i e  and é c o l o g i e  regime.  
V e g e t a t i o n  was s e v e r e l y  damaged by g r a z i n g  and t r a m p l i n g .  The s h o r t  
g rowing  s ea s on  d i d  no t  a l l o w  damaged a r e a s  t o  r ec o v e r  even when f o r  
some r ea s o n  g r a z i n g  p r e s s u r e  was l i g h t .  C o n c u r r e n t l y ,  i n t e n s e  summer 
r a i n s  began t o  e r o d e  t h e  a r e a  now l e s s  p r o t e c t e d  from r a i n s p l a s h  
impac t .  in mos t  p l a c e s ,  t h e  s o i l  became l e s s  permeable  w i t h  t h e  l os s  
o f  t h e  l i t t e r  l a y e r ,  t h e  c e s s a t i o n  o f  t h e  r ework ing  e f f e c t  o f  p l a n t
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r o o t s ,  and t h e  deve l opment  o f  e r o s i o n  pavement .  As t he  d r a i n a g e  
s y s t e m  became more e f f i c i e n t  w i t h  t h e  f o r m a t i o n  o f  new g u l l y  and r i l l  
c h a n n e l s  and as  p e r m e a b i l i t y  d e c r e a s e d ,  r u n o f f  r a t e s  i n c r e a s e d .  Ai l  
o f  t h e s e  phenomena enhanc ed  one a n o t h e r ,  and t h e  d e g r a d a t i o n  o f  t he  
w a t e r s h e d  a c c e l e r a t e d .
I mp l e m e n t a t i o n  o f  F o r e s t  S e r v i c e  r e g u l a t i o n s  g r a d u a l l y  
h a l t e d  t h i s  t r e n d  in many a r e a s .  T o t a l  a l l owed  g r a z i n g  in t h e  upper  
West  Fork  d r a i n a g e  has  been r educed  from an u n l i m i t e d  amount a t  t he  
t u r n  o f  t h e  t w e n t i e t h  c e n t u r y  to  a p p r o x i m a t e l y  3 4 , 8 l 6  sheep-months  
in 1933 t o  a p p r o x i m a t e l y  22 , 758  sheep-mont hs  in 1971. V e ge t a t i o n  
on t h e  more r e c o v e r a b l e  a r e a s  was r e e s t a b l i s h e d ,  w h i l e  o t h e r  a r e a s  
s t a b i l i z e d  o r  c o n t i n u e d  t h e i r  downward t r e n d  a t  a s l o w e r  r a t e .
Today,  t h e  s i t u a t i o n  has  g r e a t l y  improved o v e r  t h a t  o f  70 y e a r s  ago ,  
b u t  t h e  a r e a  i s  s t i l l  in a s t a t e  o f  h y d r o l o g i e  and é c o l o g i e  imbalance 
Recovery in many c r i t i c a l  a r e a s ,  such as Monument H i l l  is  s t i l l  low 
o r  n o n e x i s t e n t ,  b e c a u s e  t h e  growing s eason  is  s h o r t  and i n f r e q u e n t  
y e a r s  o f  h i g h  g r a z i n g  p r e s s u r e  may r e v e r s e  t h e  r e c ove ry  t r e n d  
b u i l t  up o v e r  a number o f  growing s e a s o n s .  The sed i men t  y i e l d  o f  
t h e  West  Fork c o n t i n u e s  t o  be enhanced  by h igh  r a t e s  o f  r u n o f f  and 
s u b s e q u e n t  s t r ea m b an k  e r o s i o n .
D i s c u s s  ion
The r e  s t i l l  r emains  t h e  p roblem o f  c o n s t r u c t i n g  a h i s t o r y  o f  
t h e  channe l  geomet ry  as  i t  has been a f f e c t e d  by h y d r o l o g i e  changes  in 
t h e  uppe r  c a t ch me n t  and t o  f o r m u l a t e  a model t o  e x p l a i n  t he  p r e s e n t  
w i d e n i n g  o f  t h e  lower  West Fork c h a n n e l .  Thi s  must  be l a r g e l y  based  
on t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  h y d r o g e o l o g i c  e v i d e n c e ,  a review 
o f  wh i ch f o l l o w s  :
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1. Eleven t r e n c h e s  dug in t h e  f l o o d p l a i n  o f  t h e  West Fork
a t  v a r i o u s  p o i n t s  below Tepee  Creek a l l  show ab o u t  f o u r  f e e t  ( 1 . 22  m.) 
o f  s i l t  o v e r l y i n g  channe l  g r a v e l .  The d e p o s i t i o n  o f  most  o f  t h i s  
s i l t  mus t  p r e - d a t e  t h e  f i r s t  a p p e a r a n c e  o f  sheep  in t h e  d r a i n a g e ,  
s i n c e  a m a t u r e ,  f o r e s t  s t a n d  i s  growing ove r  much o f  t h e  f l o o d p l a i n  
and i s  r o o t e d  in t h e  s i l t .
2.  The channe l  o f  t h e  West Fork below Landon Camp is  p r e s e n t l y  
w i d e n i n g  a t  a r a t e  o f  ab o u t  5 c m . / y r .
3.  Suspended s e d i m e n t  makes up 98.2% o f  t he  t o t a l  annual  
s ed i m e n t  y i e l d .  About  h a l f  o f  t h e  suspended  s ed i men t  is  d e r i v e d  
f rom s t r ea m b a n k  e r o s i o n .
4.  Runof f  e f f e c i e n c y  in t h e  upper  d r a i n a g e  has i n c r e a s e d  
o v e r  a b o u t  t h e  l a s t  70 y e a r s  due t o  g r a z i n g  damage and c onsequen t  
g u l l y  and r i l l  channe l  f o r m a t i o n  and I n t e g r a t i o n .
An i m p o r t a n t  t h e o r e t i c a l  c o n s i d e r a t i o n  is t h e  wi d th  t o  dept h  
r a t i o  ( b / d )  o f  t h e  channe l  in r e l a t i o n  t o  bed s h e a r ,  t h e  r a t i o  of  
su s pe nded  s ed i m e n t  t r a n s p o r t  r a t e  t o  bed l oad  t r a n s p o r t  r a t e  ( L ^ / L ^ ) , 
and t h e  a v a i l a b i l i t y  o f  e ne r gy  in t h e  s t r e a m  t o  do work.
The e x p e n d i t u r e  o f  p o t e n t i a l  energy  by t h e  s t r e a m  in doing 
work i s  m a n i f e s t e d  in bed and bank e r o s i o n  and t u r b u l e n t  t r a n s p o r t a ­
t i o n  o f  s u s p e nd e d  s e d i m e n t .  As t he  peak r u n o f f  and t h e r e f o r e  
p o t e n t i a l  e n e r gy  o f  a s t r e a m  s ys t em i n c r e a s e s ,  t he  channel  geomet ry  
changes  in r e s p o n s e  t o  t he  e x p e n d i t u r e  o f  t h i s  a d d i t i o n a l  e n e r gy .
Bed s h e a r  i n c r e a s e s  and ene r gy  is expended in i n c r e a s i n g  t h e  bed l oad  
movement .  Nevt s c o u r  may o c c u r .  However,  d u r i n g  t h e  f i r s t  s t a g e s  
o f  r e a d j u s t m e n t  o f  channe l  g e ome t r y ,  more work is done in wi den i ng  
o f  t h e  c h a n n e l .  (Thi s  is  p a r t i c u l a r l y  so in t h e  c a s e  o f  t h e  West
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F or k ,  b e c a u s e  t h e  s i l t  composing t h e  banks p r o b a b l y  has  a lower 
t h r e s h h o l d  o f  e r o s i o n  t ha n  does  t h e  g r a v e l  composing the  bed . )
E r o s i o n  o f  t h e  banks  i s  s l i g h t l y  h i n d e r e d  by a smal l  r e d u c t i o n  în 
t u r b u l e n c e  c a u s ed  by e n e r gy  e x p e n d i t u r e  in t r a n s p o r t a t i o n  o f  suspended 
p a r t i c l e s .  Thus ,  l e s s  s e d i m e n t - l a d e n  w a t e r  can e r ode  banks f a s t e r .
As t h e  channe l  w i d e n s ,  t h e  o v e r a l l  e x p e n d i t u r e  o f  ene rgy  in bed 
s h e a r  i n c r e a s e s  and e x p e n d i t u r e  o f  ene rgy  in e r o d i n g  t h e  banks 
d e c r e a s e s ,  a l t h o u g h  s h e a r  p e r  u n i t  a r e a  o f  t he  bed may i n c r e a s e  
o n l y  v e r y  s l i g h t l y .  The channe l  w i l l  t h e r e f o r e  r each  a new 
e q u i l i b r i u m  s t a t e  where  t h e  channe l  i s  a d j u s t e d  to  a h i g h e r  d i s c h a r g e ,  
and Lg/L^ may be h i g h e r  t han  i t  was in t he  p a s t ,  because  wi den i ng  
is  a c c o m p l i s h e d  by e r o s i o n  o f  s t r eambanks  composed mos t l y  o f  more 
e r o d a b l e  s i l t - s i z e d  m a t e r i a l .  Bank e r o s i o n  is enhanced from Landon 
Camp t o  El k  R i v e r  by a low g r a d i e n t ,  which is r e s p o n s i b l e  f o r  a low 
bed s h e a r  in t h i s  r each  and t hus  a g r e a t e r  a v a i l a b i l i t y  o f  energy  
t o  do work on t h e  banks .
Maximum i n t e g r a t i o n  o f  t h e  upper  d r a i n a g e  sys t em p robab l y  
p o s t - d a t e s  maximum v e g e t a t i o n  damage,  s i n c e  t h e r e  was most  l i k e l y  
a l ag  p e r i o d  between maximum e r o s i v e  c o n d i t i o n s  and e r o s i o n  o f  
g u l l y  sys t ems  t o  t h e i r  p r e s e n t  d e n s i t y .  With t he  impl emen t a t i on  
o f  g r a z i n g  r e s t r i c t i o n s ,  e r o s i v e  c o n d i t i o n s  may have s t a b i l i z e d  and 
s e d i m e n t  y i e l d s  o f  up p e r  t r i b u t a r i e s  may have remained c o n s t a n t  o r  
d r o p p e d .  However ,  r u n o f f  r a t e s  p r o b a b l y  have remained n e a r l y  t he  
same b e c a u s e  o f  t h e  c o n t i n u e d  p r e s e n c e  o f  t h e  i n t e g r a t e d  d r a i n a g e  n e t .
P r e s e n t l y ,  t h e  channe l  wi d t h  may be i n c r e a s i n g  a t  t he  h i g h e s t  
r a t e  in t h e  r e c e n t  h i s t o r y  o f  t h e  West Fork.  Maximum energy  may be 
a v a i l a b l e  t o  e r o de  s t r e a m b a n k s ,  b e c a u s e  r u n o f f  r a t e s  a r e  p r ob ab l y  ne a r
72
t h e  h i g h e s t  t he y  have e v e r  b e e n ,  and t h e  r u n o f f  from upper  t r i b u t a r i e s  
may be l e s s  s e d i m e n t - l a d e n  t ha n  i t  was d u r i n g  peak e r o s i v e  c o n d i t i o n s ,  
i f  t h e  w i d t h  has been i n c r e a s i n g  a t  t h e  p r e s e n t  r a t e  o f  5 c m / y r . ,  t he  
a v e r a g e  c u m u l a t i v e  i n c r e a s e  in w i d t h  a l on g  t h e  lower  West Fork in t he  
l a s t  70 y e a r s  would be 3 . 5  m. I n t u i t i v e l y ,  t h i s  v a l u e  may seem l a r g e  
( t h e  p r e s e n t  b a nk f u l  1 w i d t h  o f  t h e  West Fork a t  t he  mouth i s  66 f t . ,  
20.1 m . ) ,  a l t h o u g h  i t  p r o b a b l y  is w i t h i n  r e a s o n .  More l i k e l y ,  t h e  
a v e r a g e  c u m u l a t i v e  i n c r e a s e  in wi d t h  i s  l e s s .
I f  g r a z i n g  a l o n g  t h e  upper  d r a i n a g e s  c o n t i n u e s  a t  i t s  p r e s e n t  
r a t e ,  r u n o f f  r a t e s  w i l l  p r o b a b l y  e i t h e r  remain t he  same o r  s lowly  
i n c r e a s e .  The lower  West Fork w i l l  p r ob a b l y  remain in d i s e q u i l i b r i u m ,  
w i t h  l a r g e  amounts  o f  m a t e r i a l  be i ng  e r oded  from t he  channel  banks .  
Should  e q u i l i b r i u m  be r e a c he d  in t h e  d i s t a n t  f u t u r e ,  d i s c h a r g e  and 
s e d i m e n t  y i e l d s  w i l l  be g r e a t e r  than they  were  a t  t h e  former  s t a t e  
o f  e q u i l i b r i u m .
I f  g r a z i n g  a l o n g  t he  uppe r  d r a i n a g e s  c e a s e d ,  then t he  West 
Fork may reach  e q u i l i b r i u m  s o o n e r  and be a d j u s t e d  t o  c a r r y i n g  a 
s m a l l e r  d i s c h a r g e  and s ed i men t  load than i t  would i f  g r a z i n g  c o n t i n u e s .  
When t h i s  would  o c c u r  i s  h i g h l y  s p e c u l a t i v e .  Channel  wi den i ng  would 
be e x p e c t e d  t o  c o n t i n u e  f o r  some t i me  a f t e r  t he  c e s s a t i o n  of  g r a z i n g .  
The key t o  t h e  p rob lem i s  t h e  d e g r e e  and r a t e  a t  which g u l l i e d  a r e a s  
would h e a l .  The r a t e  a t  which t he y  do would d e t e r mi n e  when r u n o f f  
r a t e s  remain  equa l  o r  d e c r e a s e ,  and c o n s e q u e n t l y  when channel  w i d e n ­
ing would be g i n  t o  d e c l i n e .  However,  r u n o f f  r a t e s  and channel  
geome t r y  may n e v e r  r e t u r n  t o  what  t hey  were  b e f o r e  t he  upper  West 
Fork  d r a i n a g e  was damaged,  s i n c e  t h i s  would r e q u i r e  " d i s - i n t é g r â t  ion" 
o f  t h e  uppe r  p a r t  o f  t h e  d r a i n a g e  n e t .
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RECOMMENDATIONS FOR LAND MANAGEMENT PRACTICES
The a u t h o r  makes t h e  f o l l o w i n g  s u g g e s t i o n s  f o r  p o s s i b l e  
c hanges  In l and  management  p r a c t i c e s  In t h e  West Fork d r a i n a g e  
b as ed  on h i s  knowledge  o f  t h e  h y d r o l o g i e  r eg ime.  He hopes t h a t  t he  
b e a u t y  and r e s o u r c e s  o f  t h i s  a r e a  and t he  p r o d u c t i v i t y  o f  t h e  Madison 
R i v e r  w i l l  be m a i n t a i n e d  In p e r p e t u i t y ,  and Is t h e r e f o r e  in 
a c c o r d a n c e  w i t h  t h e  F o r e s t  S e r v i c e  p o l i c i e s  o f  M u l t i p l e  Use and 
S u s t a i n e d  Y i e l d s .
Sheep Gr a z i ng
P r e s e n t l y ,  p e r s o n n e l  o f  t he  Beaverhead N a t i on a l  F o r e s t ,  
r anch  owner s ,  and s heep  h e r d e r s  a r e  c o o p e r a t i n g  c l o s e l y  t o  m a i n t a i n  
t h e  p r o d u c t i v i t y  o f  t h e  g r a z e d  a r e a s  o f  t h e  West Fork d r a i n a g e  and 
t o  Improve an I n h e r i t e d  s i t u a t i o n .  Damaged a r e a s  a r e  o f t e n  c l o s e d  
t o  g r a z i n g  and g r a z i n g  a l l o t m e n t s  a r e  c o n t i n u a l l y  be i ng  s t u d i e d  f o r  
r e a d j u s t m e n t  t o  f i t  w a t e r s h e d  t r e n d s .
However ,  t h e  f a i l u r e  o f  t h e  h y d r o l o g i e  regime t o  r e c o ve r  
e q u i l i b r i u m  r e f l e c t s  t h e  s low r e a d j u s t m e n t  downst ream.  I n t u i t i v e l y ,  
g r a z i n g  o f  h i gh  e l e v a t i o n  g r a s s  p a r k l a n d s  having a s h o r t  growing 
s ea s on  and u n d e r l a i n  by h i g h l y  e r o d l b l e  m a t e r i a l  seems an unwise 
management  p r a c t i c e  In c o n s i d e r a t i o n  o f  h y d r o l o g i e  and é c o l o g i e  
b a l a n c e  o f  t h e  West Fork and o f  s ed i men t  y i e l d s  t o  t h e  Madison 
R i v e r .  The a u t h o r  t h e r e f o r e  s u g g e s t s  t h a t  g r a z i n g  a l ong  the  




C l e a r c u t s  in t h e  West  Fork  d r a i n a g e  have no t  c o n t r i b u t e d  t o  
t h e  h y d r o l o g i e  p rob lems  o f  t h e  West Fork .  Er os i o n  r a t e s  o f  logged 
s u b d r a i n a g e s  a r e  low,  as  e v i d e n c e d  by t h e  f a c t  t h a t  t h e  e s t i m a t e d  
s e d i m e n t  y i e l d s  o f  t h e  t r i b u t a r i e s  which d r a i n  t h e  c l e a r c u t s  a r e  low 
and no new g u l l i e s  have formed.  In many p l a c e s ,  b u l l d o z e r  t r a c k s  
formed in I 966  t o  1967 a r e  s t i l l  p r e s e r v e d  t oda y .  Thi s  does not  
n e c e s s a r i l y  d i s p e l l  t h e  p o s s i b i l i t y  t h a t  an unusual  c l i m a t i c  e v e n t  
may t r i g g e r  e x t e n s i v e  e r o s i o n  in c l e a r c u t  a r e a s .  Proposed  c l e a r c u t s  
n e a r  J a c k p i n e  Gulch w i l l  p r o b a b l y  have s i m i l a r  n o n - e f f e c t s  i f  l o c a t e d  
and h a r v e s t e d  as  w i s e l y  as  c l e a r c u t s  in t h e  West Fork d r a i n a g e  were 
f rom 1964 t o  1969 . However ,  any p o s s i b l e  d i s t u r b a n c e  o f  t h e  nearby  
M e r i d i a n  Creek  d r a i n a g e  may g r e a t l y  i n c r e a s e  t he  s ed i men t  y i e l d  o f  
t h a t  s u b d r a i n a g e  t o  t h e  West  Fork.
Roads
J e e p  t r a i l s  a r e  s u b j e c t  t o  h igh  r a t e s  o f  e r o s i o n  and o f t e n  
a r e  t h e  s i t e s  o f  g u l l y  f o r m a t i o n  ( P l a t e  2 7 ) .  The damage they do in 
p r o p o r t i o n  t o  t h e  smal l  number o f  pe op l e  t h a t  they  b e n e f i t  s u g g e s t s  
t h a t  o f f - t h e - r o a d  v e h i c u l a r  t r a v e l  shou l d  be p r o h i b i t e d  in t he  West 
Fork d r a i n a g e .
P l a t e  2 7 . Gul ly  e r ode d  in t h e  G r a v e l l y  Ridge Road d u r i n g  
one s p r i n g  r u n o f f  s e a s o n .
C h a p t e r  7 
CONCLUSION
The h y d r o l o g i e  regime o f  t h e  West  Fork o f  t he  Madison R i v e r  
i s  d i s c u s s e d  in r e l a t i o n  t o  t o p o gr ap h y ,  d r a i n a g e ,  ge o l og y ,  c l i m a t e ,  
v e g e t a t i o n ,  and l and  u s e ,  and w i t h  emphasi s  on t h e  s p a t i a l  and 
t e mpor a l  r e l a t i o n s h i p s  o f  s uspended  s ed i men t  y i e l d .
Suspended s e d i m e n t  y i e l d s  a r e  c a l c u l a t e d  f o r  t h e  West Fork 
a t  t h r e e  p o i n t s  and f o r  t h e  measured t r i b u t a r i e s  w i t h  t he  use  o f  
s e d i m e n t - d i s c h a r g e  r e l a t i o n s h i p s  and s y n t h e s i z e d  h yd r og r a phs .  F o r t y -  
s even  p o i n t  e i g h t  p e r c e n t  o f  t h e  suspended  s ed i men t  y i e l d  of  t he  West 
Fork is  d e r i v e d  f rom s t r ea m b a n k  e r o s i o n  o f  t h e  lower r eac hes  o f  t h e  
West  Fork .  The y i e l d s  o f  t h e  t r i b u t a r i e s  a r e  c o r r e l a t e d  wi t h  the  
e r o d i b i l i t y  o f  u n d e r l y i n g  s t r a t a ,  t h e  e x t e n t  of  f o r e s t  c o ve r ,  and t h e  
d e g r e e  o f  p a s t  g r a z i n g  p r e s s u r e .
Bedload t r a n s p o r t a t i o n  r a t e  has been measured ne a r  t h e  mouth 
o f  t h e  West Fork .  T o t a l  s e d i me n t  y i e l d  i s  c a l c u l a t e d  a t  10,676 t o n s ,  
10 ,480 t on s  o r  9 8 . 2% o f  which i s  suspended  s e d i me n t .
The West Fork  i s  in a s t a t e  o f  hydrodynamic d i s e q u i l i b r i u m  
m a n i f e s t e d  in p a r t  by t h e  wi d e n i ng  o f  t he  s t r ea m c h an n e l ,  which is 
o c c u r r i n g  a t  a r a t e  o f  a b o u t  5 c m . / y r .  in t he  lower r ea c h e s .  The 
c a u s e  o f  t h i s  d i s e q u i l i b r i u m  i s  t h e  i n c r e a s e  in r u n o f f  b r ough t  upon 
by t h e  damage done to  g r a s s  p a r k l a n d s  in t h e  d r a i n a g e  by sheep 
g r a z i n g  p a r t i c u l a r l y  a round  t h e  t u r n  of  t h e  t w e n t i e t h  c e n t u r y .
Runof f  r a t e s  have i n c r e a s e d  w i t h  t h e  r e d u c t i o n  of  i n f i l t r a t i o n  r a t e s
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and t h e  i n c r e a s e d  e f f i c i e n c y  o f  t h e  d r a i n a g e  sys t em.  The channel  
geomet ry  i s  r e s p o n d i n g  t o  h i g h e r  peak d i s c h a r g e s  by i n c r e a s i n g  t he  
w id t h  o f  t h e  Lower West  Fork  c h a n n e l .
The F o r e s t  S e r v i c e  has  r educed  t h e  g r a z i n g  p r e s s u r e  w i t h  
i m p l e m e n t a t i on  o f  g r a z i n g  l i m i t s  and r e g u l a t i o n s .  However,  t he  
a u t h o r  f e e l s  t h a t  t h e s e  s t e p s  have no t  r e s t o r e d  t he  d r a i n a g e  t o  
hydrodynami c  e q u i l i b r i u m  and s u g g e s t s  t h a t  sheep g r a z i n g  ne a r  t he  
s o u t h e r n  c r e s t  o f  t h e  G r a v e l l y  Range be phased o u t .  I f  t h i s  i s  done,  
t h e  d r a i n a g e  w i l l  p r o b a b l y  r e - e q u a l i b r a t e  in a number o f  y e a r s .
I f  n o t ,  t h e  West  Fork w i l l  remain in d i s e q u i l i b r i u m  u n t i l  some 
d i s t a n t  t i me  in t h e  f u t u r e .
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sy  rv+hes î z%d ,
F i g u r e  1 1 . H y d r o g r a p h e  o f  t h e  W e s t  p o r k  a t  t h e  m o u t h  ( M a y  J t o  O c t o b e r  J ) ,  i n c l u d i n g  s y n t h e t h 1 z e d  
h y d r o g r a p h .
7 9
8 0
Component ? A , PxA Qave '• Gpeak ®bas6 t
W est Fork #4 24.17 151.56 3662.87 1198.2 1005 90 j
G azelle  Cr, 29 .36 11.61 340.87 22.7 137.5 5 .27  j
Bogus'Crefak 26.92 2.80 75.38 5 .8 43.2
■ -------f
0 j
Soap Creek 28.70 5 .3 8 154.41 11.22 82.5 3.78
F re e ze o u t C r. 27.33 7 .0 6 192.95 13.8 89.7 4.27
E lk  R iv er 27.88 38.14 1063.34 60.7  , 277.5 38.2
Tepee Creek 24.05 5 .9 4 142.86 10.5 71.0  1 7 .0
M eridianCCr. 24.14 4.73 114.18 8 .54 59.6  ; 2 .4  1
West Fork #2 21.81 47.39 1033.71 63.9 331.3 25.9  j
Lobo Creek 24.04 3.53 84.86 6.5 47 .3  : 1.7  ]
P o r ta l  Creek 23.46 2.03 47.62 3 .8 30.2 .9  I
Cascade Creek 23.83 6.33 150.84 11.0 74.1 3.2
F o s s i l  Creek: 23.35 6.48 151.34 11.0 74.3 3 .2  I
Buford Creek 20.31 3.39 68.85 5 .4 40.2 1.4  '





E= mean annual p r e c ip i ta t io n
A= d ra in ag e  a rea
a ,b =  n u m erica l c o n s ta n ts










Table l a .  Average flow s ( l 9^̂7—̂970) of components of the  West Fork 
d ra in ag e  and r e la t io n s  used fo r  d e r iv a t io n .
ppm= a(JT ü )^ , where a and b are- c o n s ta n ts
8 1
Component a b r n
West Fork #4 27.44 .5259 .8567 26
E lk  R iver 28.20 .4740 .8143 12
G aze lle  Creek 12.51 .6582 .7486 8
Soap Creek 26.54 .3650 .5733 9
F reezeo u t Creek
-------
28.44 .4846 .6923 8
Tepee Creek
--------:-------------------
14.98 .8219 .9436 4
Table 2a , R e la tio n s h ip s  o f Suspended Sediment C oncentration  (ppm) 
and T u rb id ity  (JTU) fo r  Components of the West Fork 
D ra inage .
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